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PREFACE. 



It is tlie object of the following pages to give in as concise a 
manner as possible a description of the Electric Telegraph as a 
whole, and also to point out the peculiar features in several 
kinds of Telegraphs which are now in use. 

In a short treatise like this, to have described every plan in 
detail, of the many that have been proposed, would have been 
impossible ; and it did not appear that a work so comprehen- 
sive would be at all suited to the general reader. 

In describing the various Telegraphs mentioned herein, 
every endeavour has been used to give a statement of the 
inventions, without venturing an opinion on the comparative 
merits of the plans, unless there was any peculiarity in 
the case which seemed to call for the expression of such 
opinion. 
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PREFACE. 



A succinct account of the Electric Telegraph has long been 
a desideratum in this kingdom : in foreign countries several 
works on the subject have already appeared. 

For many of the statements made herein the Author is 
indebted to these and other works, and also to the several 
scientific periodicals which are now so extensively published 
in this and other countries. As it would have been a 
source of considerable confusion to the general reader, for 
whom these pages have been wTitten, to have been continually 
referring specifically to each work, the Author begs now 
freely and frankly to acknowledge the assistance which 
these publications have rendered to him, and the peculiar 
obligations under which he is placed with regard to their 
respective Authors. 

The following is a list of some of the works which have 
been consulted, and from many of which copious extracts have 
been made. 

i 

Annals of Electricity, Magnetism, and Chemistry, by \V. Stur- 
geon. 

Alexander’s Original Electric Telegraph, 

American Electro-Magnetic Telegraph, by A. Vail, 
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Account of some remarkable Applications of the Electric Fluid 
to the useful Arts, by Alexander Bain. 

Book of the Telegraph, by Daniel Davis. 

Chambers’s Papers for the People. 

Daniell’s Introduction to Chemical Philosophy. 

Davis’s Manual of Magnetism. 

Descriptions of an Electrical Telegraph, by F. Ronalds. 
Electrical ^lagazine. 

Encyclopaedia Britannica. 

Encyclopaedia Metropolitana. 

Engineer’s and Mechanic’s Pocket Book. 

Electric Telegraph Manipuhition, by Charles V. Walker. 
Hand-Book of Chemistry, by Leopold Gmelin. 

Lardner’s Cabinet Cyclopaedia (Electricity, by Dr. Lardner). 
London, Edinburgh, and Dublin Philosophical Magazine. 
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Patent Journal. 

Practical Mechanic’s and Engineer’s Magazine. 
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Transactions of the Cambridge Philosophical Society. 
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„ Royal Society. 
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Rapport fait a I’Acaddmie des Sciences sur les Appareils T61e- 
graphiques. De M. Siemens (de Berlin). 
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Traitc E.xptTimental de I’Electricitu ct du Magnetism, par 
M. Becquerel. 

Der Electro-magnetische Telegraph, von Dr. II. Schellen. 

Der Praktische Telegraphist, oder die Electro-magnetische 
Telegraphic nach dem Morse’sehen System, von F. Clemens 
Gerke. 

Kurze Darstellung der an den Preussischen Telegraphcn-Linien 
mit untcrirdischen Leituugen, von Werner Siemens. , 



Since the following jtages have been in type, an Act of 
Parliament to amend the laws relating to Letters Patent lias 
received the Iloyal assent, and comes into operation on the 
1st of October, 1852. By this enactment many of the evils 
so bitterly and so justly complained of have been remedied ; 
and although many of the provisions contained therein seem 
as yet far from perfect, still it is hoped that the Aet will 
prove a great boon, not only to inventors and patentees, 
but to the community at large. 



E. H. 



London, July, 1852. 
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THE ELECTRIC TELEGRAPH. 



INTRODUCTION, 

What an age of wonders is this ! 

When one considers the state of Science a century ago, 
and compares the light of the past with that of the present 
day — how great is the change ! how marvellous the advance ! 
Discovery has followed discovery in rapid succession — in- 
vention has superseded invention — till it would seem to 
the superficial observer that little now remains to be dis- 
covered, and that further improvement is next to an im- 
j)Ossibility. 

But who shall set a limit to the inventive genius of man ? 
and say, Hitherto shall it go, hut no further, and here all 
discovery and invention shall cease. 

Each discovery brings with it new light. This light illumes 
^ many a previously dark and untrodden path, and disj)lays to 
the astonished gaze a long vista of new wonders, and still 
greater discoveries. These in tlicir turn enlarge the range 
of man’s mental vision, and further progress follows. But 
still the darkness around is great indeed. The eye of the 
mind cannot yet fully penetrate the thick veil which even 
now conceals the naked majesty of scientific truth, nor is 
it enabled to comprehend the varied powers of Nature that 
are still buried in obscurity. As in a dark night a sudden 
flash of light only dazzles the eye of the observer, so a 
great discovery at first unnerves the mind, and for a time 
renders it incapable of further observation. Notwithstanding 
this, the advance in scientific knowledge has of late been vast 
and important. That which is now thought chimerical, soon 
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becomes an acknowledged fact, and the marvellous of to- 
day is no wonder on the morrow. 

Few inventions have created so great surprise and delight 
as that of the Electric Telegraph. 

It is hut a few short years since the electric telegraph was 
classed among the chimeras of the age, and yet already its 
tiny wires lie stretched across the length and breadth of the 
land, or buried in the depths of the ocean, and man can now 
talk with man although a thousand miles apart. 

The author having been requested to write a short treatise 
on this wonderful invention, has consented to do so, in the full 
belief that the reader will make due allowance for the many 
imperfections that cannot but exist in a treatise, where, amidst 
the many duties of his arduous profession, so little time has 
been allowed for its compilation. 

Relying, therefore, on this leniency, the author trusts that 
what he has written may not be read without interest ; and he 
hopes that the perusal of this little w'ork may induce many to 
search furtlicr among the hidden treasures of Nature, and 
through Nature’s powers to look up with greater reverence to 
the Being that created them. 
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TELEGRAPHS BY MEANS OF LIGHT. 

Long before the electric telegraph had been thought of, 
the attention of individuals as well as governments had been 
directed to the obtaining of a rapid communication of intel- 
ligence between distant points. 

In olden times, fires were used to announce the approach of 
an enemy, or to telegraph the news of victory or defeat. 

The Ancient Britons had their signal fires, to warn the 
country of the approach of an enemy. 

The Romans employed the same expedient in times of war, 
to telegraph their victories or defeats. 

During the wars that raged in Ireland, the news of a victory 
or defeat was telegraphed across the Irish Channel by fires 
lighted on Fairhead in Ireland, and on the Mull of Cantire 
in Scotland. Help was thus asked for or telegraphed as not 
needed, as occasion required. 

The remains of the stations for these beacon-fires still exist 
in this and other countries, and the embers seem even now but 
smouldering in the dust. 

It will be in the recollection of many now living, that the 
approach of the French to this island was to have been an- 
nounced by the lighting of immense fires on the tops of many 
of the high hills in England, and the news thus telegraphed 
from one end of the kingdom to the other in a very short 
period of time. 

Beacon-fires were abandoned when the aerial or semaphore 
telegraph was invented. 

The aerial telegraph was employed for a considerable period, 
both in England and on the Continent, before the electric 
telegraph began to assert its claims. Even now its use is 
continued in some parts until its rival can be erected to supply 
its place. 
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TELEGRAPHS BY DIRECT SIGHT. 

No sooner was the telescope invented in England by Robert 
Hook, than this instrument was employed for observing signals 
at a great distance. Men’s minds were then natiirally turned 
to the invention of a set of sigmals, so that intelligence of any 
kind might he read off with great rapidity. 

Among the labourers in this field may be mentioned with 
distinction the names of Amontous, Linguet, Gautley, Hanan, 
and particularly M. Claude Chappii, a French engineer. M. 
Chappes inventions were first tried in the year 1/91. Like 
all inventors, Chappe met with great opposition and discourage- 
ment : the people were opposed to the use of telegraphs at 
all ; his first telegraph and the station were destroyed by 
the populace ; his second telegraph shared the same fate : 
it was burnt to the ground, and Chapp^ himself narrowly 
escaped with his life : the people threatened to burn him 
along with his telegraphs. 

Subsequently the matter was taken up by the French 
Government. A commission was appointed. The Com- 
missioners reported favourably on the plans of M. Chappe: 
his system was ordered to be adopted, and Chappe' himself . 
was honoured with the appointment of Telegraphic Engineer 
to the French Government. 

The aerial telegraph between Paris and Lille was con- 
structed in 1794 on his plan, and two minutes only were 
occupied in communicating intelligence between those jdaces. 
This form of aerial telegraph was afterwards much used on 
the Continent. 

It appears that the Swedes established their first aerial 
telegraph in 1795 ; the English in 1795; the Danes in 
1802: Asia had one in 1823, between Calcutta and the 
fortress of Chunore ; Mahomet Ali established one between 
Alexandria and Cairo ; Prussia had a similar telegraph in 
1832 ; Austria in 1835 ; and Russia in 1839. 



Digitized by Coogle 




THE ELECTRIC TELEGRAPH. 



5 



As the electric telegraph advances, this method of com- 
municating intelligence is now falling into disuse. 

The aerial telegraph between London and Portsmouth has 
for some time been superseded by the electric telegraph. It 
is now entirely removed, and wires supply its place. 

The only one now in use in England is from Liverpool to 
Ilolj head, and this will shortly disappear, inasmuch as wires 
between those points are already laid. The expense of main- 
taining and working the aerial telegraph is very great. The 
line from London to Portsmouth cost no less than j 6 3300 
per annum ; and the one betw’een Liverpool and Holyhead 
costs now about ^1500 per annum. 

In a short time the aerial telegraph will be numbered 
amongst the things that were. 

It was with the greatest difficulty, however, that the Lords 
of the Admiralty could be induced even to try an electric 
telegraph. 

In 1823, Mr. Ronalds, of Hammersmith, wrote to the 
Lords of the Admiralty, requesting an inspection of his elec- 
tric telegraph. He strongly recommended its adoption for 
Government purposes. 

The result of this communication w ill be best learnt by an 
extract from a work published by Mr. Ronalds in 1823. 

Mr. Ronalds in a note says : “Lord Melville was obliging 
enough, in reply to my application to him, to’ request Mr. Hay 
to see me on the subject of my discovery ; but before the 
nature of it had been known, except to the late Lord Ilenniker, 
Dr. Rees, Mr. Braude, and a few friends, I received an intima- 
tion from Mr. Barrow, to the effect ‘ that telegraphs of any 
kind were then wholly unnecessary, and that no other than the 
one then in use would he adopted.' I felt very little dis- 
appointment and not a shadow of resentment on the occasion, 
because every one knows that telegraphs have long been 
great bores at the Admiralty. Should they again become 
necessary, however, perhaps Electricity and Electricians 
may be indulged by his Lordship and Mr. Barrow with an 
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opportunity of proving what they are capable of in this 
way.” 

Such was the assistance rendered hy our Government to one 
of the early inventors in electric telegraphs. It appears that 
they would neither consent to an interview with the inventor, 
nor even inspect his telegraph. 

The aerial telegraph was capable of being used only for 
about one-third of the year. Darkness — fogs — and storms of 
rain or snow, were constantly cutting off all communication. 
Yet despite all these obstructions, how difficult it was to 
prevail on the British Government to make even a trial of 
the electric telegraph, although this method not only sets at 
defiance all these interruptions, and conveys its messages with 
the speed of lightning by night as well as by day, — but carries 
its intelligence silently, either over the land or under the earth, 
or far below the troubled waves of the mighty deep. 

^Vho shall say what may yet be done by the agency of 
electricity ? Much has already been achieved, but more, far 
more, remains yet to be accomplished. Vain were it for man 
to attempt to foretell the results which may yet he produced 
by this mysterious power. Many and great are the inventions 
and discoveries that even now lie concealed in the womb of 
Time. But the day will come when these shall all be brought 
forth to benefit and bless the community, and man, reviewing 
with astonishment the progressive results which the workings 
of his genius and the unwearied exertions of his mind and 
body have already one by one achieved, will never rest satisfied 
until all the powers of Nature are made to minister to the 
wants, the comforts, and the pleasures of himself and his 
fellow mortals. 



TELEGRAPHS BY ELECTRICITY. 

It is now scarcely a century since electricity was first pro- 
posed to be employed for the purpose of communicating intel- 
ligence between distant places. 
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Many and various were the discoveries and inventions that 
were required before the electric telegraph could be piade to 
assume its present state. 

It is not to one person alone that the world is indebted for 
this wonderful invention. Hundreds of eminent persons have 
laboured in the field, and numerous men of science have from 
time to time added their quota both of discovery and invention. 

It was not for many years after the first form of electric 
telegraph was devised that sending telegraphic intelligence, 
by means of electricity, to any considerable dl.^tance, could be 
regarded as either physically or commercially practicable. 

Even at this day the electric telegraph may be considered 
as only in its infancy. Every year improvements are being 
made, and fresh discoveries come to light. 

That considerable proficiency, however, in the art of tele- 
graphing by electricity has already been attained, no one can 
for a moment deny ; still much remains to be done, both 
scientifically as well as commercially. The construction of the 
electric telegraph is still to a great extent imperfect, and the 
charges for its use are at present too high. It is, therefore, 
no wonder that it has not as yet come into that general and 
very extended use to which it seems so admirably adapted. 

Much use, however, is even now made of the telegraph. 
The man of extensive business only wonders how he could 
possibly have done without it so long : still the multitude 
does not as yet employ it as one of its usual and ordinary 
means of communication. On extraordinary occasions the 
telegraph is much resorted to, it is true ; but on ordinary 
occasions, seldom or never. 

To give in extenso the various discoveries that have been 
made in this branch of science, and to enumerate the many 
inventions that have followed, would far surpass the limits 
allowed on the present occasion. 

The three great fundamental principles on which all tele- 
graphs at present in use depend are as follows : 

The first is the discovery by (Ersted, viz. 

1. That a magnetic needle, when in proximity to a body 
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through which a current of electricity is passing, has a 
tendency to place itself at right angles to such body, or, more 
strictly speaking, to rotate ronnd that body. 

The next is the discovery of the late Mr. Sturgeon, viz. 

2. That if currents of electricity pass around a bar of soft 
iron, the iron becomes temporarily magnetic ; and when 
in that magnetic condition it powerfully attracts to it any 
pieces of soft iron which may be plaeed in its vicinity. 

The third is based upon the joint diseovery of Sir Anthony 
Carlisle, Mr. Nicholson, and Sir Humphry Davy, viz. 

3. That when a current of electricity passes through certain 
chemical substances, those substances are thereby decomposed, 
or new compounds are formed. 

On these three great fundamental prineijiles all the tele- 
graphs at present in use depend. 

The Electric Telegraph itself may be fairly divided into 
three distinct and separate parts, viz. 

1 . The means resorted to for j)roducing electricity. 

2. The means adopted for rendering a current of electricity 
cognizable to the senses. 

3. The means usually employed for transmitting to a distant 
place the electricity required. 

ON THE PRODUCTION OF ELECTRICITY. 

Electrieity may be produeed in a variety of ways ; by 
friction ; by chemical action ; by magnetic induction ; by 
change of temperature ; by the power and at the will of 
certain animals. The three first modes are those usually 
employed in the electric telegraph. 

ELECTRICITY FROM FRICTION. 

The discovery of frietional electrieity is of very ancient date. 

Thales of Miletus, who lived about 600 years before the 
Christian era, is reported by subsequent writers to have 
described the power developed in amber by friction, by which 
the amber was enabled to attract to it pieces of straw and other 
light substances. 
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Theophrastus (321 b. c.), in his writings, describes this 
property. 

Pliny (a.d. 70) refers also to the same. He speaks of 
pieces of amber that attritu digitorum acceptd vi caloris 
attrahunt in se paleas et folia arida ut magnes lapis fer- 
rum.” 

Similar remarks may also be found in the writings of 
Priscian and Solinus. 

Salmasius, in his commentary upon Solinus, asserts that the 
word karabe, by which amber was known among the Arabs, is 
said by Avicenna to be of Persian origin, and to signify the 
power of attracting straws. 

It does not appear that any of the ancients reasoned upon 
those observed effects ; they merely observed, and recorded 
them as facts. 

Dr. Gilbert, however, at the commencement of the sixteenth 
century, instituted a series of experiments upon the subject. 
He found that the property possessed by amber was not con- 
fined to that substance alone, but belonged to several other 
bodies, such, for instance, as the diamond and many other 
precious stones, glass, sulphur, sealing-wax, resin, &c. 

Boyle found that warming these bodies increased the effect. 

To Otto Guericke, of Mi^deburg, who was also the inventor 
of the air-pump, is due the invention of what is commonly 
called the Electrical Machine. This philosopher mounted 
a globe of sulphur upon an axis, and, on turning the globe 
round, applied friction to it. By this means he detected that 
strong electrical excitation was accompanied both by light and 
sound : he also discovered that after a body had been electri- 
cally excited, and another light body brought in contact 
with it, a repulsion ensued. Many other of the now well- 
known phenomena of attraction and repulsion were demon- 
strated and recorded by this philosopher. 

In 16/5, Sir Isaac Newton made several important dis- 
coveries relating to the above, and noted down the effects 
observed in his experiments on the subject. 

A 5 
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Hawkesbee, between 1/05 and 1711, made various dis- 
coveries. He substituted a globe of glass in lieu of the 
globe of sulphur of Otto Guericke, and fixing it in a wooden 
frame, he produced an electrical machine very similar to those 
now in general use. 

Grey and Wheeler experimented further, and succeeded in 
producing motion in light bodies at distances of 666 feet. 

M. Du Fay, between 1733 and 1737, conducted a series of 
important experiments, and greatly enlarged the number of 
phenomena observable in bodies when acted on by electricity 
in this state. 

The Abbe Nollet, on witnessing some experiments, dis- 
covered a simple principle that accounted for the apparently 
anomalous results obtained by former experimenters, and 
explained satisfactorily the cause of a body being first attracted 
and then immediately jepelled after contact. 

Amongst those who about this time laboured in the science 
may be mentioned with distinction the names of Desaguliers 
of France, Boze of Wittemburg, Winkler of Leipzic, Ludolf of 
Berlin, and Dr. Miles ; each of whom brought fresh facts to 
hght, or improved upon the apparatus then in use. 

Dr. Watson, in 1745 et seq., conducted several important 
experiments, which are duly recorded in the ‘ Philosophical 
Transactions.’ 

Kleist and Muschenbroeck, at Leyden, simultaneously dis- 
covered a means of accumulating the electric power by the 
invention and employment of the Leyden jar, although the 
honour of this discovery is by some attributed to a person 
named Cuneus. 

Dr. Bevis recommended the coating of the outside of the 
jar with tinfoil, water having been previously used by Mus- 
chenbroeck and Kleist in the interior of the jar. 

Dr. Watson, however, applied the tinfoil both to the inside 
as well as the outside of the jar, and thus perfected the Leyden 
jar. In this state it now remains. 

The distance to which the electric power might be conveyed 
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next occupied the attention of philosophers both in England 
and France. Experiments were made in the Tuileries on the 
subject, and electricity transmitted through a circuit of con- 
siderable length. 

Dr. Watson, in 1747, in the presence of many scientific* 
persons, transmitted the power through 2800 feet of wire and 
8000 feet of water, thus employing in his experiments the use 
of the earth circuit. 

Afterwards, on the 14th of August, 1747, Dr. Watson 
conducted an experiment on a much larger scale at Shooter’s 
Hill. The wire was insulated by baked wood, and was 10,600 
feet or nearly 2 miles long. 

But as we are now trespassing on that part of the subject 
which consists of the means employed for conducting the 
electric power to a distant point, we must return to the 
production or generation of the electric power itself. 

From this period until the invention of the Hydro-Electric 
Machine little progress was made in the art of producing 
electricity by friction. 

In 1840, at Newcastle on Tyne, it was observed that a jet 
of steam issuing from the boiler of a steam engine emitted 
electricity in considerable quantities, and that on applying 
a conductor to the jet, powerful sparks were obtained. 

Mr. Armstrong, of Newcastle, made many experiments 
on this newly discovered source of electricity, and ultimately 
constructed what is now called the Hydro-Electric Machine. 

The researches of Dr. Faraday brought to light the fact 
that the electricity developed by this machine was due to 
the friction of the watery particles in the steam on the sides 
of the surface. An enormous amount of power may be de- 
veloped by means of this apparatus. Not only have gun- 
powder and shavings of wood been set on fire by the spark 
direct from the machine, but in some experiments it has 
also been found, that when a current was sent through a 
galvanometer the needle was deflected between twenty and 
thirty degrees, and iron converted into an electro-magnet. 
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This brings the inquiry doAvn to the present time, with 
reference to the production of electricity by friction. 

We will now proceed to describe the discoveries that have 
been made in the production of electricity from chemical action. 

ELECTRICITY FROM CHEMICAL ACTION. 

After the Leyden jar and the electric battery, composed 
of a number of such jars, had been experimented on in various 
ways, and by means of the power so accumulated metals had 
Iieen fused, volatilized, reduced to dust, or dispersed in air, the 
lives of animals and vegetables taken away, and other striking 
effects produced on matter, for a long period little or no 
further progress was made. 

At length Galvani, in 1791, stumbled as it were by chance 
upon what was then thought a new fact in the science. This 
ultimately led to most important consequences. Through it, 
means were obtained of producing enormous quantities of 
electricity, and that from the chemical action of bodies on 
each other. 

It appears that Du Verney had made the very same obser- 
vation as Galvani had done about a century before, without 
the circumstance having attracted the attention of philosophers 
at tlie time. 

'I'he reader will probably be too well acquainted with the 
story of Galvani and the frogs to need a repetition of the 
circumstance. Suffice it to say, that the accidental contrac- > 
tion of the muscles of a frog, when in the proximity of an 
electrical machine, led to some of the most brilliant discoveries ; 
that have ever adorned the annals of science. ; 

\'arious hypotheses were framed to account for the pecu- 
liarities observed in the experiments with the muscles of 
animals. 

A'alli wrote on the subject, and in 1/93 Dr. Fowler published 
his essay on Animal Electricity. The same subject was also 
investigated by Dr. Robison. ,| 
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Professor Volta, of Pa^ia, confuted many of the theories 
adduced, and ultimately produced the arrangement known as 
the Voltaic Pile, the first rude form of what is now termed 
the Galvanic Battery. A letter of Volta on the subject was 
published in the ‘Philosophical Transactions’ for 1/93. 

During the heat of the discussions between the partisans of 
the theories of Galvani and Volta, Fabroni repeated many of 
the experiments, and communicated his researches to the 
Florentine Academy. 

It is in this paper that the first suggestion as to the 
chemical origin of galvanic electricity is to be found. 

On the 20th of March, 1800, Volta addressed a letter to 
Sir Joseph Banks, then President of the Royal Society, in 
which he announced to him the discovery of the Voltaic 
Pile. 

After due investigation of this instrument, Volta endeavoured 
to improve the arrangement of its parts, in order to obtain 
a greater amount of power. The result was the invention of 
the apparatus known by the name of La Couronne de Tosses. 
This arrangement consisted of a circle of cups, each cup 
being filled with warm water or with a solution of sea-salt, 
and having also a piece of silver and a piece of zinc in the liquid. 

The pieces of the two different metals in the same cup were 
not in metallic contact, but the zinc of the one cup was 
metallically united to the silver of the adjacent one, and so on 
throughout the series, the liquid alone intervening between the 
metals in the same cup. Thus it is evident that in this 
arrangement of the couronne de tosses we have a complete 
and perfect galvanic battery. We have the insulated cell, and 
the two metals in the cell separated by a liquid capable of 
acting chemically upon one of them. 

Many important improvements have, however, been made in 
the materials employed, though the principle of the battery 
remains now as it left the hands of Volta. 

Dr. Wells, in 1795, discovered that charcoal might be 
substituted for one of the metals in the cells. 

Mr. Cruikshank, of Woolwich, in 1800, arranged another 
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form of battery, making the metals employed to form divisions 
of the trough. 

In Dr. Wollaston’s arrangement, in 1815, dilute sulphuric 
acid was employed, and two pieces of copper were used to one 
piece of zinc, the copper being placed on each side of the zinc 
plate. lie arranged the whole in a trough composed of a 
number of cells, and attached the plates to a rod so that the 
whole of the plates might be lifted out of the liquid when the 
electric power was not required. By this arrangement less 
waste of the zinc and acid resulted, as the zinc was not being 
dissolved by the acid when the battery was out of action. It 
will be observed, however, that the above are but mere modi- 
fied forms of Volta’s couronne de tosses. 

Many experiments were made by Valli, Fowler, Robison, 
Dr. Wells, Humboldt, Fabroni, Nicholson, Carlisle, Cruick- 
shank, Haldane, Henry, Davy, Wollaston, Trommsdorff, Van 
Marum, Pfaff, Aldini, Illsinger, Berzelius, De Luc, De la 
Rive, Becquerel, and others ; and new facts were added yearly 
to the existing stock of knowledge. Several kinds of acids 
were used; charcoal was substituted for one or both of the 
metallic plates ; wires were made red-hot, and various sub- 
stances difficult of decomposition easily decomposed by the 
electric action. 

Other powerful forms of galvanic batteries were afterwards 
contrived, both by Professor Daniell and Professor Grove — 
forms and arrangements which admit of an uniform and 
continuous flow of the electric power for a considerable period 
of time. 

Daniell’s constant battery, as it is called, consists in having 
two liquids in each cell, the liquids being separated by a 
porous diaphragm — the one liquid being dilute sulphuric acid, 
and the other a saturated solution of sulphate of copper : in 
the latter, copper plates are immersed, and in the former, 
plates of zinc. 

Grove’s battery consists of two liquids and two metals — 
the liquids being nitric acid and dilute sulphuric acid, and the 
metals platinum and amalgamated zinc : the plates of platinum 
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are Immersed in the nitric acid, and the zinc in the dilute 
sulphuric acid. 

An important discovery, in order to prevent the local action 
of the diluted sulphuric acid on zinc, was made by Mr. Stur- 
geon and Mr. Kemp. This consisted in rubbing mercury 
over the surface of the zinc. By this means the other forms 
of galvanic batteries are made to last a much longer time, and 
the flow of electricity during the action of the battery becomes 
far more constant and regular. 

The relation which the galvanic battery bears to the Ley- 
den jar or the common electrical machine may be thus stated : 

In the Leyden jar, a sudden, instantaneous, and violent 
effect is produced on any body through which the power 
passes : a torrent of force precipitates itself, as it were, 
instantly along the line of communication, while in the 
galvanic battery the power flows in a gentle and continuous 
stream, producing a constant and uniform action for any 
definite period of time. 

From the Leyden jar, the whole force passes in an Incon- 
ceivably short space of time, while from the galvanic battery 
the action may be continued as long as desired. 

Just as in mechanics a sudden blow from a hammer differs 
from a continued pressure, so does the action of electricity 
from the Leyden jar differ from that produced from the 
galvanic cell. 

During the last few years improvements have been made in 
batteries, and especially with regard to the peculiar require- 
ments of the electric telegraph. 

Mr. Cooke uses sand mixed with the diluted acid, in order 
to prevent, to a certain degree, the mechanical transmission 
of the salts of the one metal on to the surface of the other. 

Messrs. Brett and Little employ a gradual renewal of the 
diluted sulphuric acid, and allow the exhausted liquid to run 
out from the bottom of the cells and fresh liquid to drop into 
the cells from the reservoir above. 

The author, however, employs, instead of diluted sulphuric 
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acid as the exciting liquid, a solution of the sulphates of the 
earths, such as the sulphate of magnesia, or the sulphate of 
alumina. By this arrangement, not the slightest attention 
need be paid to the batteries required for working the tele- 
graph, for many months together : a constant and equable 
flow of the power may be thus obtained whenever desired, and 
that for a whole year, although, in some instances, 200 mes- 
sages a-day have been transmitted. Another advantage is, 
that one liquid only need be used, and that of the cheapest 
kind. 

ON THE PRODUCTION OF ELECTRICITY FROM THE 
MAGNET. 

The honour of this discovery is due to the illustrious 
Faraday, — Dr. Faraday having noticed that on bringing one 
wire through which a current of electricity was passing near to 
another wire, a current of electricity was induced in the second 
wire ; and that when- the connection between the poles of 
a galvanic battery was broken, a current passed for an instant 
through the circuit in a direction contrary to that in which 
the current was proceeding before. 

Further research into these curious phenomena ultimately 
led this philosopher to the production of electricity from may- ! 
netism. I 

I 

The first apparatus employed was a ring of soft iron, around 1 
one-half of which an insulated wire was womid connected with | 

a battery, and around the other half of the ring another I 

insulated wire was wound, but not in metallic connection with 
the former one : on passing a current through the first wire , 
the ring of iron became magnetic, and at the same instant that 
the iron was assuming this magnetic state a current of elec- 
tricity was found to be traversing the second wire, although it 
was not in contact with the first-named wire. This secondary 
current, however, ceased almost immediately, but was again 
renewed in the opposite direction when the ring was losing 
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its magnetic state, by disconnecting the battery from the 
first-named wire. This inverse or induced current lasted only 
until the iron re-assumed its normal condition. 

Thus it was evident to Dr. Faraday, that if a piece of iron 
be surrounded with insulated coils of wire, a current of electri- 
city might be induced in such wire by merely magnetizing and 
demagnetizing the iron. 

An apparatus was therefore constructed by means of which 
the iron so wound with wire was magnetized and demag- 
netized, by being made to approach to and recede from a 
permanent magnet. The result w as as anticipated, and powerful 
currents of electricity were thereby indneed and traversed the 
circuit appointed for them. 

The iron was now removed from the helix of wire, and a 
permanently magnetic core introduced and withdrawn , — at 
each introduction and withdrawal of the magnet a current of 
electricity was developed in the wire. 

A copper disc was then employed and made to rotate in the 
presence of a magnet, — currents of electricity were at once 
detected in the disc. 

By these means water was decomposed — magnetic needles 
moved — iron and steel magnetized — and all the other well- 
known effects of electricity, both frictional and galvanic, were 
produced. 

Amongst the labourers in this branch of science may be 
reckoned the names of Babbage, Herschel, Barlow, Nobili, An- 
tinori, Bacelli, Christie, Prevost, Colladon, Harris, and others. 

Various forms of magneto-electric machines were subse- 
quently devised. 

Dr. Faraday, however, was the first person who constructed 
one by means of which a continuous current of electricity was 
produced. 

In 1832, M. Pixii, of Paris, constrncted a machine in which 
a coil of copper wire was employed instead of a disc of copper; 
and in 1833, Mr. Saxton submitted to the British Association 
his magneto-electric machine, in which the coils rotated and 
the magnet was fixed. 
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Another form of the same kind of machine was executed by 
Mr. Clarke, and is fully described by M. Becquerel. 

From this period up to the present time little further im- 
provement has been made in producing electricity from the 
action of the magnet. 

In 1837, Dr. Steinheil used the ordinary' magneto-machine 
for working his printing and other telegraphs. 

In 1841, Professor Wheatstone patented a mechanical 
arrangement by means of which, with a series of electro- 
magnets rotating before a magnet or a set of magnets, a con- 
tinuous current of electricity in the smne direction was 
produced. This instrument w.as intended to supersede the use 
of galvanic batteries in electric telegraphs, but it does not 
appear to have ever been brought into practical operation. 

A modification of Mr. Saxton’s arrangement is, however, 
now employed to a considerable extent in producing electricity 
for the ringing of the alarums of a telegraph. It should be 
observed with regard to this method of producing currents of 
electricity, that electricity is generated in the conducting wire 
only when an adjacent electro-magnet is undergoing a change 
in its magnetic state ; and that when the magnetism of such 
electro- magnet is increasing, the current of electricity developed 
is in one direction, whilst, when the magnetism is decreasing, 
the current of electricity is in the opposite direction ; and also, 
that when the magnetism of the electro-magnet is stationary, 
no current of electricity ensues. 

This method of producing electricity through the medium 
of the magnet is well adapted for causing the liberation of the 
detent of wound-up mechanism, where the power used is 
required only for a very short period of time. 

The next subject for inquiry is 

THE PRODUCTION OF ELECTRICITY BY A CHANGE OF 
TEMPERATURE. 

Professor Seeheck, of Berlin, was the first to observe that a 
current of electricity could be generated by joining together 
arcs of two different metals, and applying heat at either of the 
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points of junction. This discovery was no sooner known than 
many philosophers repeated and extended the experiments 
made by Professor Seebeck. 

Amongst the first labourers in this field were Baron Van 
Zuylen, Dr. Van Beek, and Professor G. Moll. 

Many were the experiments made by these philosophers, 
and great additional knowledge was obtained by them in this 
new branch of the science of electricity. 

Of the details of the experiments of Professor Seebeck little 
was known in England at the time. 

Professor Gumming was the first to undertake the task 
of investigating thoroughly the peculiarities of this new species 
of electricity, and to him science is indebted for several very 
important facts developed in his experiments. 

Professor Gumming clearly proved, that all that was neces- 
sary in order to produce in a conductor a current of electricity, 
was, that one end of the conductor should be at a different 
temperature from that of the other end. 

It matters not whether the temperature of the one end 
be raised by the application of heat, or whether it be lowered 
to an equal degree by the application of cold. A current of 
electricity in both cases is produced, the only difference being 
in the direction of the current, — the eurrent at all times 
progressing in one and the same direction with regard to the 
relative position of the hotter and cooler ends of the conductor. 
Various forms of thermo-electric apparatus have been devised, 
and the power multiplied by the repetition of alternations of 
the pieces of metal employed, — in manner somewhat resem- 
bling the repetitions of the alternations of the elements in the 
galvanic battery. 

The two metals which, when their ends are soldered together, 
produce the most powerful current of electricity, are antimony 
and bismuth. 

A detailed account of the ingenious experiments of Professor 
Gumming will be found in the ‘ Transactions of the Gambridge 
Philosophical Society’ for 1823. 
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The author does not deem it necessary here to dwell longer 
upon this mode of producing electricity ; it has not been as 
yet practically applied to the electric telegraph. 

The field is one rich in the extreme, and from which, no 
doubt, in time, will be extracted great knowledge as to the 
constitution of matter, and the action of particle on particle ; 
nor is it at all improbable that the day is not very distant 
when a farthing rushlight will be made capable of developing 
sufficient electricity to keep up an instantaneous communica- 
tion by telegraph between London and Liverpool. 

ELECTRICITY FROM ANIMALS. 

Another source whence currents of electricity may be 
obtained is to be found in certain animals. 

Although this i^ a subject which does not properly belong 
to a treatise on the electric telegraph, yet it has been thought 
well briefly to allude to it, simply for the purpose of enume- 
rating the various sources whence electricity may be derived, 
and to show how admirable the contrivance of Nature is, when 
she desires to produce electricity in the midst of masses of 
water, and to confine the current to a particular course. 

Various instances are recorded in ancient works of sparks of 
electricity having been given off from the hair and other parts 
of the human body. 

Virgil makes mention of a harmless flame which was 
emitted from the hair of Ascanius. Whether this was so or 
not is uncertain, as doubts even on the existence of such a per- 
son as Ascanius have been raised. 

Several ancient authors relate the same thing, however, of 
Servius Tullius, the Roman king. Numerous similar instances 
might be adduced, but it would be out of place here to enu- 
merate them. 

Another fertile source of electricity, recorded by various 
writers, is to be found in the human body on taking off a part 
of the dress. The electricity so produced has been the sub- 
ject of much investigation, and has been tested by the elec- 
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troscope in a variety of ways. In all these latter cases, however, 
the cause seems to have been rather in the friction of the 
garment upon the skin or hair. These effects therefore should 
hardly be enumerated under the head of Animal Electricity. 

There is, however, undoubtedly a very fertile source of elec- 
tricity in the bodies of certain fishes, produced independently 
of friction. This power is often very intense, so much so as 
to deprive smaller animals of their life, and to stun or render 
powerless for the time being even larger animals, such as the 
horse. 

Amongst the most remarkable of this class of animals may 
be enumerated the raia torpedo, gymnotus electricus, silurus 
elcctricus, trichiurus electricus, and tetraodon electricus. 

Redi, in 16/8, gives an account of certain imperfect obser- 
vations of fishermen on the raia torpedo. 

Kempfer, in 1/02, also describes some experiments he made 
on the same fish. 

Mr. Walsh, in 1//3 and Iz/.i, published some important 
papers on this subject, and was the first to prove the electrical 
origin of the power emitted. In one of his experiments he 
caused the shocks to be transmitted through a chain of five 
persons. 

In 1 773, Dr. ingenhous made other similar experiments. 

Spallanzani also followed in the same course of experiments, 
and proved that even the foetus of the torpedo possessed this 
remarkable property. 

More recent experiments were made by MM. Humboldt and 
Gay-Lussac. They have proved that the least injury to the 
brain of the animal destroyed at once its power of producing 
these shocks. A series of numerous facts as to the passage 
and peculiarity of the power are recorded by them. 

In 1773, the celebrated Hunter published, in the ‘Philoso- 
phical Transactions,’ the anatomical structure of this fish, 
showing the position of the electric organs. 

In a fish 18 inches long, it was found that the number of 
columns composing each organ amounted to 470. 
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In a very large torpedo, found on the British coast, ^rhich 
which was 4^ feet long, and weighed 73 pounds, the number 
of columns in each organ amounted to 1182 — a battery power 
of no despicable order. 

It appears also, that the magnitude and number of nerves in 
this animal are very far greater than those supplied to any 
other animal whatever ; and it is also evident from the experi- 
ments, that the power of transmitting these powerful shocks 
of electricity is controlled and regulated by the will of the 
animal. 

Similar remarks may be applied to the other fishes above 
mentioned. 

Among the list of labourers in these investigations may be 
mentioned the names of M. Richer, Redi, Schilling, Dr. Hun- 
ter, Mr. Walsh, Dr. Williamson, Humboldt, and M. Geoffrey. 

The subject of the spontaneous production of electricity by 
animals would not have been introduced in this work except 
for the purpose of showing the very remarkable fact, that, how- 
ever difficult it is found in practice for man to transmit, artifi- 
cially, currents of electricity from any kind of electric apparatus 
wholly submersed in water, yet Nature, in her sublime work- 
ings, finds no difficulty whatever in so doing. The philosopher 
is thus invited to careful study and deep investigation. The 
day may come when this mode of action in the animal king- 
dom will be better understood than it is now, and then proba- 
bly will be discovered a means of constructing submarine 
telegraphs, vrithout any insulation of the wires : and who shall 
say whether such a discovery would not satisfactorily solve 
the problem of communicating instantaneously between Great 
Britain and America ? 

ELECTRICITY FROM OTHER SOURCES. 

The foregoing are the principal sources whence electricity in 
large quantities may be obtained, but they are by no means 
the only ones. This subtile power of Nature may be produced 
by a variety of other methods. 
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MM. Lavoisier and La Place have demonstrated that bodies 
in passing from the solid or the liquid state to that of vapour, 
and conversely IVom the aeriform to the liquid or solid state, 
show unequivocal signs of the presence of electricity. 

Another source of electricity is to be found in the pressure 
of certain crystals. 

Thus, for instance, Iceland spar, on being subjected to pres- 
sure in certain directions, shows evident symptoms of electric 
action, and affects the galvanoscope accordingly. 

Amongst the various bodies which possess this property are 
Iceland spar, — topaz, — euclase, — arragonite, — fluate of lime, 
— carbonate of lead, — elastic bitumen, and other substances. 

The atmosphere is also another very fertile source whence 
electricity may be derived. 

Setting aside those magnificent natural displays of the elec- 
tric action, viz. the thunder-storm and the aurora borealis, not 
a cloud passes over our heads but the electric equilibrium of 
the earth below is affected thereby. 

In some states of the weather, and in certain fogs, an insu- 
lated rod extending high into the atmosphere, with a range of 
exploring wire attached to it, will bring down torrents of the 
electric fluid. It is a remarkable fact too, that the power 
within a few minutes changes from positive to negative, and, 
vice versd, from negative to positive. 

Whatever may be the nature of this marvellous power, we 
know not. We observe its effects, — we record its actions, — 
we test its presence, — we find it everywhere, but we know not 
what it is. Scarcely an atom of matter can move from its 
fellow atom but an electric current may be detected ; and yet, 
of the nature of this current we are entirely ignorant. 

The above is a brief description of a few of the many 
sources of obtaining that power wliich circulates as the life- 
blood in the electric telegraph. 

To have attempted to have gone further into this part of 
the subject would have been out of place, and would only 
have extended this little treatise beyond the limits allowed. 
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mthout in any way rendering it possible to have done justice 
to the investigation. 

Those who wish to know more, either theoretically or prac- 
tically, in this most interesting science, are referred to the 
many excellent works already published on the subject. 

It is proposed, therefore, to pass on to the consideration of 
the means employed for making the presence of electricity 
discernible at a distant point. 

THE MEANS EMPLOYED FOR MAKING THE PRESENCE OF 

THE ELECTRIC POWER COGNIZABLE TO THE SENSES. 

It would perhaps appear to have been more regular if the 
means employed to convey the current to a distant point had 
been now considered, instead of proceeding to discuss the 
expedients employed at that distant point to record the pre- 
sence of the current. 

But it was not until the effects produced by electricity were 
well known, that the desire appeared to ascertain how great a 
distance might inten-ene between the generation of the power 
and the effects produced. 

It is thought therefore best to follow this course in the fol- 
lowing remarks on the electric telegraph : the more so is this 
deviation justified, as this order was in fact the one in which 
the invention of the electric telegraph was made. 

No sooner had the sulphur ball of Guericke, the glass globe 
of Hawkesbee, and the glass cylinder of Gordon, been used, 
than ready means were furnished of trying experiments on an 
extended scale ; and when the Leyden jar was invented, the 
apparatus for research became almost perfect. 

The very first notice that we have of the effects produced by 
electricity consists in its power of attracting light substances, 
as bits of straw, &c. Such effects arc said to have been 
described by Thales, some GOO years before the Christian era. 

To Dr. Gilbert, however (a.d. 1600), is due great credit for 
the multiplicity of his experiments on this head. 

In order to test the effects of the various bodies. Dr. Gilbert 
brought them to the end of a light needle of any metal. 
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balanced and turning freely on a pivot, like a magnetic 
needle. 

Otto Guericke clearly demonstrated that a light body, after 
it had by attraction been brought into contact with an excited . 
electric, was repelled by it. He also found that if light bodies 
were suspended within the sphere of action of an excited elec- 
tric, they themselves became possessed of electrical excitation. 

Now this property is one which was employed in one of the 
first electric telegraphs at work in this kingdom, viz. in 
Ronalds’s : in this telegraph two pith - balls were made to 
diverge by electricity when desired, and thus to denote the 
signals desired. 

It should be remarked, that up to the year 1/20, attraction 
and repulsion were considered as the only absolute proofs of 
the presence of electricity, although it had also long been 
observed that light was produced by electrical excitation. 

For some time the minds of philosophers seemed to have 
been devoted to the production of as powerful an electric spark 
as possible. Thus we have Boze, Winkler, Gordon, and 
Ludolf of Berlin, all labouring with this end in view, — the 
principal object appearing to be to set inflammable substances 
on fire thereby. 

Ludolf of Berlin was the first to accomplish this : he suc- 
ceeded in setting on fire a highly inflammable spirit. 

The noise made by this firing of a spirit was employed in 
1816 in llonalds’s electric telegraph, for the purpose of 
calling attention previously to the communication of intelli- 
gence. 

The passage of the electric spark w as used by Reizen, in 
1794, as the means of designating any of the letters of the 
alphabet. 

Another mode, in which frictional electricity was proposed 
to be used, w as, by separating the conducting wire and passing 
a strip of paper uniformly between the severed ends thereof. 
W'hen a charge from a Leyden phial or battery was passed 
through the circuit, a hole was pierced through the paper. 

fi 
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The Rev. H. Ilighton, in 1844, proposed and patented a plan 
of telegraph on this principle. 

We will now pass on to the means used when galvanic 
electricity was employed for rendering its presence discernible 
by the senses. 

G*lrsted, in 1819, discovered that a magnetic needle deli- 
cately suspended in proximity to a conductor through which 
an electric current was passing had a tendency to place itself 
at right angles to such a conductor. The application of this 
principle to the electric telegraph has been almost universally 
adopted in this kingdom, and most extensively employed in 
other parts of the world. 

To Ampere is due the discovery that a wire through which 
a galvanic current is passing may bo made to assume all the 
]iroperties of the magnet itself. This induced magnetic 
power was found to cease the instant that the current was 
arrested. 

M. Arago also, at the same time, published the fact that 
iron filings were attracted by such galvanic wire, and that the 
wire had thereby the power given to it of jnoducing tem- 
porarily, in iron, magnetic properties that did not previously 
exist in it. In this way M. Arago showed that the wire had 
the effect of permancntlij magnetizing a needle of steel. 

Many of these experiments were conducted jointly by j\IM. 
Arago and Amjierc. These philosophers investigated the 
action of coils and helices of wire, and at length demonstrated 
that a helix of wire with a current of electricity passing 
through it may be made to produce all the effects of the 
magnet itself. 

Sir IIumj)hry Davy at this time commenced a long scries of 
experiments, which have proved of the greatest value to the 
science. Very few new facts, however, seem to have been 
brouglit to light by him which have special reference to the 
effects produced by the electric currents in order to mark its 
presence on its passing through a conductor, and to make the 
same cognizable to the senses. 
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In 1821, Faraday commenced a scries of most important 
experiments. With the advantages he possessed in having 
at his command a most extended and powerful apparatus, he 
produced results highly beneficial to the advancement of the 
science. 

The great discoveries of Faraday, at this date, were confined 
principally to the relative directions and powers of the electric 
and the induced mamietic forces. 

O 

About this period many German philosophers and others 
repeated and extended the experiments of QUrsted and Am- 
pere, — amongst whom may be enumerated the names of M. 
le Chev. Yclin, i\I. Brockman, M. Van Beck, M. Ue la Hive, 
M. Moll, Mr. Barlow, I\Ir. Cumming, and others. 

Mr. Cumming, in April, 1821, appears to have been the first 
to notice the increased effects of a convolution of wire around the 
magnetic needle, and thus to produce the arrangement known 
as the galvanometer. Tliis arrangement was subsequently 
adopted by Professor Wheatstone in his first electric tele- 
graph. The discovery of one of the most important parts, 
however, of the electric telegra{)h remains yet to be described. 

To the late Mr. Sturgeon is due the discovery of the electro- 
magnet. Mr. Sturgeon was the first to discover that if a bar 
of soft iron be surrounded with coils of wire, and an electric 
current be transmitted in the same direction through each 
convolution, that the soft iron bar instantly becomes a magnet, 
and is capable of attracting other pieces of soft iron or steel, 
and that it remains magnetic so long as the electric current 
is passing through the coils ; and that as soon as the current 
ceases, the bar instantly loses its magnetic condition, and no 
longer attracts pieces of adjacent iron or steel. 

This property of iron becoming magnetic under the above 
conditions has entered more or less into almost every form of 
electric telegraph since the above period, and is one of its 
most valuable component parts. 

Another, and perhaps not less important, elfeet produced by 
the electric current, as applicable to telegrapliic purposes, is 
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the decomposition of water and other similarly constituted 
substances, when a current of electricity is made to pass 
through them. 

Dr. Lardner, in his treatise on Electricity, says — “The 
invention of the pile had been scarcely more than hinted at, 
when that course of electro-chemical investigations began, 
which soon led to the magnifieent discoveries of Davy, and the 
series of experimental researches which have been continued 
up to the present time with results so remarkable by those 
who succeeded to him. The first four pages only of the letter 
of Volta to Sir Joseph Banks were despatched on the 20th 
March, 1800 ; and as these were not produced in public till 
the receipt of the remainder, the letter was not read at the 
Boyal Society, or published, imtil the 2Cth June following. 
The first portion of the letter, in which was described generally 
the formation of the pile, was showm in the latter end of 
April by Sir Joseph Banks to some scientific men, and 
amongst others, to Sir Anthony (then Mr.) Carlisle, who W'as 
engaged at the time in certain physiological inquiries. Mr. 
W. Nicholson (the conductor of the scientific journal known 
as Nicholson's Journal) and Carlisle constructed a pile of 
seventeen silver half-crown pieces alternated with equal discs 
of copper and cloth soaked in a weak solution of common salt, 
with which, on the 30th of April, they commenced their 
experiments. It happened that a drop of water was used to 
make good a contact of the conducting wire with a plate to 
which the electricity was to be transmitted ; Carlisle observed 
a disengagement of gas in this water, and Nicholson recog- 
nized the odour of hydrogen proceeding from it. In order to 
observe this effect with more advantage, a small glass tube, 
open at both ends, was sto}>ped at one end by a cork, and 
being then filled wdth water, was similarly stopped at the other 
end. Through both corks pieces of brass wire were inserted, 
the points of wdiich were adjusted at a distance of an inch and 
three-quarters asunder in the water. When these wires were 
put in communication with the opposite ends of the pile. 
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bubbles of gas were evolved from the point of the negative 
wire, and the end of the positive wire became tarnished. The 
gas evolved appeared to be hydrogen, and the tarnish was 
found to proceed from the oxidation of the positive wire. It 
was inferred that the process in which these effects were pro- 
duced was the decomposition of the water. This took place 
on the 2nd of May, shortly after the receipt of the first 
portion of Volta’s letter.” 

Experiments were then tried with wires of various metals, 
and when platinum wire was used, oxygen gas was evolved 
from the one wire, and hydrogen from the other. 

Thus was the decomposing power of the pile established in 
a few weeks after the discovery of the pile itself. 

These experiments led Cruickshanks, of Woolwich, to re- 
peat and extend them. On his using litmus paper, the colour 
of the paper was changed by the current. 

This peculiarity possessed by the electric current, of chang- , 
Ing by decomposition the colour of bodies submitted to its 
action, has been variously employed in the electric telegraph 
in recording the transmission of electric currents, and has now 
become one of the means of carrying on a correspondence 
by means of electricity. 

Sir Humphry Davy also greatly extended by his valuable 
researches our knowledge of and insight into this remarkable 
peculiarity of the action of electricity. 

Having now briefly described the progress of diseovery w'ith 
respect to various methods of enabling parties to record tem- 
porarily or permanently the presence of an electric current, 
we will now pass on to a few brief remarks on the means em- 
ployed for conducting currents of electricity from one point to 
another point situated at a distance therefrom. 

ON THE MEANS USUALLY EMPLOYED FOR TRANSMITTING 
ELECTRICITY TO A DISTANT PLACE. 

It is evident how comparatively valueless for the purpose of 
telegraphing would have been the many wonderful discoveries 
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in the production of electricity, if means were not to be found 
for conveying the power with little or no impediment or loss to 
a point remote from its source or origin. 

This part of the subject for a long period occupied the 
attention of many of those engaged in the science. 

It was found, after many careful experiments, that several 
substances had the property of conveying electricity through 
them with but a very slight impediment to its passage. 

The metals were found to rank highest in this property. , 
It has been subsequently discovered that all bodies are con- 
ductors of electricity, more or less. No substance is at 
present known which is an absolutely perfect non-conductor. 
With all bodies, the passage through them of a definite amount 
of electricity is but a question of time. 

The great object to be obtained in the construction of an 
electric telegraph is, to give the greatest possible facility for 
the passage of the power to a particular distant station, and to 
throw every possible obstacle in the way of the escape of any 
portion of the power in any other direction than the one 
desired. 

For such purpose, the most perfect conductors are used for 
the conveyance of the power, and the most perfect insulators 
made to surround such conductors. 

The following Table exhibits the condueting power of several 
bodies with respect to electricity. It begins with the most 
perfect conductors and ends with those which arc the least 
perfect conductors. The properties, therefore, of these hatter 
bodies approximate most closely to that of non-conductors or 
insulators. The exact order, however, is by no means fully 
substantiated as yet, and the Table must therefore only be 
taken as a general guide. 

All the metals, viz. 

Silver, Zinc, 

Copper, Tin, 

Gold, PTitiniim, 

Bras«, Palladium, 
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Iron and 
Lead, 

Well-l)urnt charcoal, 
Plumbago, 

Concentrated acids. 

Powdered charcoal, 

Dilute acids, 

Saline solutions, 

Metallic ores, 

Animal fluids. 

Sea-water, 

Spring-water, 

Kaiii-water, 

Ice above 13° Fahrenheit, 
Snow, 

Living vegetables. 

Living animals. 

Flame, 

Smoke, 

Steam, 

Salts soluble in water. 

Rarefied air. 

Vapour of alcohol. 

Vapour of ether. 

Moist earths and stones, 
Powdered glass. 

Flowers of sulphur. 

Dry metallic oxides. 

Oils — the heaviest the best. 
Ashes of vegetable bodies, 
Ashes of animal bodies. 

Many transparent crystals, drj'. 
Ice below 13° Fahrenheit, 
Phosphorus, 



Lime, 

Dry chalk. 

Native carbonate of barytes, 
Lycopodium, 

Gum elastic. 

Camphor, 

Some silicious and argillaceous 
stones. 

Dry marble. 

Porcelain, 

Dry vegetable bodies. 

Baked wood. 

Dry gases and air, 

Leather, 

Parchment, 

Dry paper. 

Feathers, 

Hair, 

Wool, 

Dyed silk. 

Bleached silk. 

Raw silk. 

Transparent gems. 

Diamond, 

Mica, 

All vitrifications. 

Glass, 

Jet, 

Wax, 

Sulphur, 

Resins, 

Amber, 

Shell-lac. 



Since the above Table was arranged, gutta percha has been 
discovered, and has been found to be one of the most perfect 
of the so-called non-conductors. 

Dr. Desaguiliers devoted considerable attention to this part 
of the subject, from the time of the labours of Grey until the 
year 1742. He was the first who applied the term conductors 



Digitized by Google 




32 



HISTORY AND PROGRESS OF 



to bodies through which electricity passed with comparative 
freedom. lie showd also that the conducting power of 
animal substances was due to the fluids that they contained. 

Dr. Watson also proved, experimentally, that a shock could 
be passed with great facility through a great number of men 
at the same instant of time. 

The attention of philosophers was now directed to ascertain 
to what distance the shock could be transmitted. 

At Paris, M. Nollct transmitted a shock through 180 soldiers, 
lie also formed a chain measuring 5400 feet by means of iron 
wires extending between every two persons : the whole company 
received the shock at the same time. 

A discharge from the Leyden jar w’as also effected through 
circuits of 900 and 2000 toises in length, and in one experiment 
the basin of water in the Tuilcrics formed part of the circuit. 

It was in England, however, that experiments on this subject 
were made on a more extended scale. 

Dr. Watson stretched a wire across the Thames over West- 
minster Bridge. One of the extremities of this wire commu- 
nicated with the exterior of a Leyden jar, and the other was 
held by a person in one of his hands, while the other hand 
grasped an iron rod. Another person on the opposite side of i 
the river grasped a wire communicating with the interior of 
the jar. The moment the first-named person dipped the rod 
into the river, the current passed, and both persons received 
the shock. This appears to be the first time that a circuit 
composed partly of wire and partly of the earth was used for 
transmitting currents of electricity. 

The next experiment was made by Dr. Watson at Stoke 
Newington, near London, where a cirenit of nearly two miles 
was used. This circuit, as in the former case, was made up 
partly of wire and partly of the earth, the wire being in one 
case 2800 feet long, and an equal distance intervening through 
the earth. It was found, too, that the effect was the same 
whether the rod was only dipped into water or driven into the 
earth. 
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Similar experiments were tried at Highbury in 1/44, and 
finally at Shooters’ Hill in August, 1747. In the experiments 
at Shooters’ Hill the wire was 10,500 feet long, the observers 
being thus separated by a distanee of two miles. The wires 
were supported on posts of wood. The whole circuit was 
therefore four miles long, being composed of two miles of 
wire and two miles of earth. 

It now became a well-known fact that electricity could be 
transmitted over a very considerable distance by means of an 
insulated wire, and that the effects produced in every part of 
the circuit were, if not absolutely instantaneous, yet practically 
so to all intents and purposes. No more experiments were 
therefore needed to confirm these simple facts. It was abso- 
lutely necessary, however, for these facts to be proved, before 
an electric telegraph could be treated as practically possible. 

In 1837, Dr. Steinhcil used no less than 7 miles of wire for 
his telegraph at IMunich. 

In 1839, Dr. O’Shaughnessy conducted an extensive scries 
of experiments in India, with the view to ascertain the most 
suitable form of electric telegraph for that country. To Drs. 
Steinheil and O’Shaughnessy is due the carrying out of Dr. 
AVatson’s method, now so generally adopted in Great Britain 
and America, viz. of suspending the telegraphic wires in the 
air from post to post. Dr. O’Shaughnessy erected for his 
telegraphs no less than twenty-two miles of wire : the wires 
were of iron. They were fastened to poles of bamboo, fifteen 
feet out of the ground, and were made to hang at distances 
from each other of about twelve inches. Dr. Steinheil had 
also 7 miles of wire, which was partly of copper and partly 
of iron. In Dr. Steinheil’s telegraph the wires were four feet 
one inch apart. 

These important experiments of Dr. Watson, Dr. O’Shaugh- 
nessy, and Dr. Steinheil set the matter completely at rest, and 
rendered the idea of communicatins: intelliaience between distant 
points, by means of electricity, no longer chin’.crical or doubtful, 
but a matter of absolute certainty. 

B 5 
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The various discoveries enumerated above furnish therefore 
all the materials necessary for the formation of an electric 
telegraph. Each inventor has, since such period, turned to 
this common stock of knowledge for the materials wherewith 
to build up his particular arrangements of telegraphic apparatus. 
One inventor has employed electricity produced by friction, 
another galvanic electricity, and a third magneto-electricity, 
and so on ; and then each has used the apparatus most suited 
for the employment of the electricity so generated. 

Having thus briefly noticed the discovery of the various 
component parts of an electric telegraph, it is proposed to 
proceed now to deal with the electric telegraph as a whole, and 
to notice as concisely as possible the particular arrangements 
recommended by various persons for the construction of a 
complete electric telegraph. 

FIRST PRINCIPLES OF AN ELECTRIC TELEGRAPH. 

It is evident from the foregoing that if a wire w ere made to 
extend between London and Liverpool, and were insulated 
from the earth all the way between those two points, and if 
the ENDS of such wire were made to dip into the earth both at 
London and at Liverpool, that such wire would form a proper 
channel for the transmission of an electric current from cither 
London to Liverpool or Liverpool to London. Suppose there- 
fore in the annexed figure that a b represents such wdre, and 
A B 

[ 

LonJon. Liverpool. 

E e' the respective earth connections at London and Liverpool ; 
then if the wire be severed in two at a, and the two severed 
ends be joined respectively with the two poles of a galvanic 
battery, as shown in the following figure, it is evident that a 
positive current would flow from p to e, and a negative current 
from N through b to the earth at e', and that it would return 
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by the earth from e' to e, so as to complete its circuit and 
affect the apparatus in such circuit. 



Again, if the positive pole p had been joined to the portion 
of wire extending to Liverpool, and the negative pole to the 




London. Galvanic battery. Liverpool. 



portion a at London, it is obvious that a positive current would 
pass to the earth at Liverpool and a negative one to the earth 
in London ; and therefore that opposite electrical effects would 
have been produced on all instruments placed in the circuit of 
such wires. 

Now, instead of turning the galvanic battery p n round, and 
thus connecting cither the one pole or the other with the 
severed ends of the wire a b, it is evident that if the wire at such 
point of severance were jomed to two keys in connection with 
the battery, and which keys were so arranged that the pressing 
of one down caused a positive current to progress to Liverpool 
and a negative one to London, and the pressing of the other 
down produced the contrary action, that by means of pressure 
upon either of two such keys either a positive or a negative 
current of electricity might be sent, as desired. 

Again, if we suppose that when neither of such keys is 
pressed down, the ends of the severed wire at a (by very 
simple mechanical means) are allowed to vnite metallically, 
the wire then becomes, electrically speaking, as it were un- 
broken or whole again. It might therefore, in the same manner, 
he severed at b, and the poles of another battery placed there 
might be attached to such severed ends at b, and by means of 
similar keys either a positive or negative current of electricity 
transmitted from Liverpool to London. 

Such arrangement would enable a party at either London or 
Liverpool to cause currents of electricity to traverse the 
intervening wire, and similarly with respect to any number 
of intermediate stations placed in such circuit. 
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Now if at hoth London and Liverpool we put a coil of wire 
in the line circuit, as shown in the annexed figure, and make 
such coil surround a magnetic needle n s fixed on a moveable 




London. Liverpool* 



axle, it is evident that when a current of positive electricity- 
traverses the wire, the top of the needle will move in one 
direction, and when a negative current is sent, it will move in 
the other direction. If, then, such coil or needle be placed 
vertically, the top of the needle will move to the right by the 
one current and to the left by the other current. 

This being clearly understood, it is evident that if one 
movement to the right represent the letter A, two successive 
movements to the right might represent B , — three movements 
C, and so on ; and if one movement to the left represented M, 
— two movements to the left might represent N , — three move- 
ments O, and so on ; and if one movement to the right, 
followed rapidly by one movement to the left, represented S, 
— two of such movements might represent T\ and that by 
commencing with a movement to the left and following it by a 
movement to the right, another letter might be designated, and 
so On, with the various numbers of movements to the right or 
to the left ; and with the combinations of one, two, three, or 
four of such movements in one direction with one or more 
movements in the other direction, all the letters of the 
alphabet could be designated. 

Again, if instead of using a magnetic needle and coil, an 
electro-magnet had been employed with a moveable armature, 
it is evident that on sending a current the armature of such 
electro-magnet would be attracted to the electro-magnet, and 
if a pricker or marker were affixed to such armature and a 
])iece of paper also were made to move near to such marker, 
every movement of the curvature caused by the electric current 
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/ would be recorded on the moving paper by the point pressing 
against or’going through the paper; and if the current were 
continued for a long period,, the length of the scratch or 
mark would be proportionally great. By a combination there- 
fore of dots and long and short marks, all the letters of the 
alphabet might be designated in this way ; or, instead of an 
electro-magnet being employed, the current of electricity might 
be made to decompose chemical substances on a piece of moving 
paper and change the colour thereof. This would give the 
same means of enabling a person to read off the currents sent, 
and hence to understand the letters or signals intended to be 
X transmitted. Similarly, also, with respect to all of the other 
___enumerated means of testing the presence of an electric current 
transmitted through a conductor, whether it be made to move 
a magnetic needle, to mark paper, to produce sparks, to 
liberate mechanism, to remove screens, or to do any other 
pre-arranged work. 

Let us now see how the above, as well as the many other 
plans of ascertaining the presence of an electric current in the 
conducting wire, have been employed by various parties for the 
purpose of telegraphic communication. 

We will first describe those plans proposed prior to 1838. 

TELEGRAPHS INVENTED PRIOR TO ANY OF THOSE 
WHICH HAVE BEEN PATENTED. 

It has been thought well, before describing the plans of 
telegraph which have from 1837 to the present time formed 
the subject of patents in this kingdom, to notice briefly the 
principal features of the many telegraphs which preceded those 
for which patents were granted. 

All these first telegraphs were freely given to the world 
by their respective inventors, and have furnished the materials 
employed by late patentees for their telegraphs. 

It is clearly very difficult, now that so many years have 
elapsed since these first telegraphs w'cre invented, to fix the 
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precise date at which the inventions were publicly known in 
this and other kingdoms. . 

The invention of the electric telegraph has, in different 
countries, been attributed to different individuals. Nothing, 
however, can he more incorrect than to attribute to any one 
man the invention of the electric telegraph, as so many eminent 
men have lent a helping hand in adapting the wonderful 
discoveries in electricity to the purpose of conveying intel- 
ligence. If to any single person the honour of having 
“invented the electric telegraph” is to be attributed, it surely 
ought to be either to the first person who proposed the em- 
plov'ment of electricity for telegraphic purposes, or to the first 
person who did practically convey intelligence to a distant point 
by means of electricity. If so, then x\o patentee can claim the 
honour of inventing llie Electric Telegraph. 

But to proceed with a short summary of the peculiar 
features in the telegraphs invented prior to the grant of the 
first patent. 

BRIEF SUMMARY OF TELEGRAPHS PRIOR TO 
THE YEAR 1838. 

Lesarge, in 1774, employed 24 wires and a pith-ball 
electrometer. 

Lomond, in 1787, employed one wire and a pith-ball electro- 
meter. 

Betancourt, in 1 787, used one wire and a battery of Leyden 
jars. 

Reizen, in 1794, had 20 wires: the letters of the alphabet 
were cut out in pieces of tinfoil, and rendered visible by sparks 
of electricity. 

Cavallo, in 1795, used one wire; the number of sparks was 
made to designate the various signals, and the explosion of gas 
was used for an alarum. 

Salva, in 1796. — The exact particulars of this telegraph are 
doubtful. 
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In all the above plans, high-tension electricity was to he 
employed. 

Soemmering’s telegraph, of 1809 or 1811. — In this telegraph 
galvanic electricity was used, and as many wires were em- 
ployed as there were letters or signals to be denoted. The 
letters were designated by the decomposition of water: an 
alarum was also added. 

Schwieger employed the principle of Soemmering’s tele- 
graph, but reduced the number of wires to two. He also pro- 
posed the printing of the letters. 

Coxe’s telegraph, in 1810. — Coxe proposed the use both of 
the decomposition of water and also of metallic salts. 

Ronalds’s, in 181 C. — In Ronalds’s telegraph high-ten- 
sion electricity was employed. The wires used were laid 
undcr-groiuid as well as suspended in the air. A pith-ball 
electrometer, hung before a clock-movement, enabled the letters 
on a dial to be read off. The sounding of an alarum by ex- 
ploding gas, &c. was also added. 

Ampere, in 1820. — .\mpere employed the magnetic needle, 
the coil of wire, and the galvanic battery, and proposed the 
use of as many wires as letters or signals to be indicated. 

Tribaoillct, in 1828. — Tribaoillet’s telegraph required but 
one wire, and this was buried in the earth. A galvanic battery 
and a galvaiioscopc were employed. 

Schilling’s telegraph, in 1832. — Schilling employed five 
magnetic needles .md had also a mechanical alarum. In 
another telegraph of Schilling’s one needle and one wire only 
were used. 

Gauss and Weber, 1833. — In the telegraph of Gauss and 
Weber one wire and one needle only were needed. The power 
employed was magneto-electricity. 

Taquin and Ettieyhausen, in 1830. — The particulars of the 
telegraph of these parties are at present uncertain. 

Steinheil’s telegraph, 1837. — This telegraph required only 
one wire and one or two magnetic needles. The power used 
was magneto-electricity. Steinheil had a printing telegraph 
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as well as a means of telegraphing by sounds produced by 
electric apparatus striking bells. 

^lasson’s telegraph, 183/ and 1838. — In this telegraph 
magneto-electricity was employed in conjunction with magnetic / 
needles. 

Morse’s telegraph, 1837. — Morse’s telegraph was a printing 
or recording telegraph ; it required only one wire, and galvanic 
electricit}’^ was used. An electro-magnet of iron was used for 
attracting an armature, to whieh was attached a pricker or pen 
to mark paper, which was made to pass underneath it. 

Vail’s telegraph, 1837. — This was a telegraph for printing 
the letters of the alphabet. One wire only was used. Clock- 
work mechanism, regulated by pendulums, was also added. 

Davy’s telegraph, 1837. — In this telegraph magnetic needles 
and coils of wire were used. The needles removed screens 
which previously rendered the letters invisible. 

Alexander’s telegraph, 1837. — Thirty magnetic needles and 
thirty wires were required in this plan. Each needle removed 
a screen which obscured a letter painted behind it. 

Previous to 1837 we have, therefore, no less than fifteen 
telegraphs, and in 1837 no less than six new arrangements of 
telegraphs, exclusive of the one of Messrs. Cooke and Wheat- 
stone, whieh was patented in June, 1837. 

DESCRIPTION OF TELEGR.\PHS PRIOR TO 1838. 
lesarge’s telegraph. 

The first electric telegraph of which we have any record is 
that of Lesarge. This telegraph w'as established at Geneva in 
1774 : it consisted of twenty-four wires, insulated from eaeh 
other ; each wire was in communication with a pith-ball electro- 
meter placed at the distant station. On sending an electric 
current over any one of these wires, the pith-balls which were 
attached to it diverged, and thus denoted the letter or symbol 
corresponding or affixed to that electrometer. In this way 
any one of twenty-four letters or signals could be instantly 
designated at pleasure. 
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Lomond’s telegraph. 

The next telegraph we read of is that of Lomond. 

This telegraph consisted apparently of one wire, with an 
electrical machine and a pith-ball electrometer at each end 
thereof. 

The signals were given by the divergence of the pith-balls, 
and as in this case there was but one wire with one electro- 
meter at the terminus, the different signals were made by the 
number and variations of the divergences. It also appears 
that this telegraph was a reciprocal one, i. e. that the 
message could be sent from either terminus and received at 
the other, and similarly with respect to any intermediate 
stations. 

A short account of this telegraph is to be found in Young’s 
‘Travels in France,’ at p. 979, vol. i. 4th edit. 1787. 

The telegraph is thus described : “ M. Lomond has made 
a remarkable discovery in electricity. Y^ou write two or three 
words on a paper; he takes it into a room, and turns a machine 
enclosed in a cylindrical case, at the top of which is an elec- 
trometer, a small fine pith-ball ; a wire connects with a similar 
cylinder and electrometer in a distant apartment ; and his 
wife, by remarking the corresponding motions of the ball, 
writes down the words they indicate, from which it appears 
that he has formed an alphabet of motions. As the length of 
the wire makes no difference in the effect, a correspondence 
might be carried on at any distance, within or without a be- 
sieged town for instance, or for objects much more worthy of 
attention and a thousand times more harmless.” 

Betancourt’s telegraph. 

In the same year in which this description was published, 
Betancourt, by means of a wire extending between Aranjuc?: 
and Madrid, a distance of twenty-six miles, transmitted signals 
by passing discharges of electricity from a battery of Leyden 
jars. 

The full particulars of this kind of telegraph the author has 
not been enabled to obtain, but enough is known to show that 
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•wires of considerable length were employed even at that time 
to enable parties to transmit telegraphic signals by means of 
electricity to places at a considerable distance. 

reizen’s telegraph. 

The first notice we find of Reizen’s telegraph is inserted 
in the ‘Magazine de Voight,’ in 1794. His plan was as 
follows : As many wires were to be insulated and laid in glass 
tubes to a distant station as there were letters of the alphabet 
or diflFerent signals to be designated ; each wire was to com- 
municate with strips of metal placed upon a square of glass ; 
the strips of metal were to be formed in the shape of letters, 
and instead of being of continuous metal, several breaks were 
to intervene, so that in the passage of the electricity a bright 
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flash would be seen at every break. Tlius, when these breaks 
in a letter w’ere many, and a current was passed through, the 
letter appeared illuminated from one end to the other. A 
wire of the telegraph being put into metallic communication 
with the commencement of each letter or symbol, when a dis- 
charge was sent from the electrical machine or from a Leyden 
jar over that wire, the breaks forming the letter became 
illuminated, and hence the letter was made visible. In this 
way letter after letter might be exhibited, and hence a cor- 
respondence carried on thereby. 

The preceding sketch, showing the tinfoil with the breaks 
therein, will explain Reizen’s mode of communicating intelli- 
gence by means of electricity. 

CAVALLO’s TEI.EGRAPH. 

IVIons. Cavallo, in his ‘Traitc de ElectricittV published in 
1795, gives a descri])tion of his mode of conveying intelligence 
by means of electricity. 

Ilis plan was first to call attention by means of the 
explosion of a detonating substance, — such as gunpowder, a 
mixture of hydrogen and oxygen, or phosphorus, — and then to 
convey the intelligence by transmitting a number of sparks 
from the Leyden jar before a slight pause. The letters and 
signals were made by counting the number of sparks so sent 
before a pause. 

salva’s telegraph. 

An account of Dr. Salva’s telegraph was given to the 
Academy of Sciences at Paris in 1/96 ; and in November of 
the same year, the ‘ Gazette de Madrid ’ contained an article 
thereon. The article runs thus: “The ‘Prince de la Paix,’ 
having learned that M. de F. Salva had read at the Academy 
of Sciences a memorial of an application of electricity to the 
telegraph, and presented at the same time an electric telegraph 
of his invention, wished to examine it ; and, charmed with its 
promptitude and the facility of its operations, he showed it 
afterwards to the King and to the Court, when it per- 
formed equally well. 
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“ After this experiment, the young Don Antonio wislied to 
obtain a more perfect telegrapli, and undertook to calculate 
the force of the electricity required to work a telegraph at 
different distances under land or water. 

“ Some useful experiments have been made, which we shall 
speak of hereafter.” 

The ‘ Magazine de Voight,’ in reference to these experi- 
ments, announced two years afterwards that Don Antonio con- 
structed a telegraph upon a very grand scale and to a very 
great extent. It also states that the same young Prince was 
informed at night, by means of this telegraph, of news that 
highly interested him. 

It appears therefore that this telegraph was no chimera, 
but one that was capable of sending a very considerable amount 
of information, or otherwise it could not have transmitted a 
piece of news. 

Soemmering’s telegraph. 

Soemmering’s telegraph appears to have been Invented in 
1809, though some parties give to it the date of 1811. 

This telegraph was the first in which the pile or first form 
of the galvanic battery was used. 

Soemmering’s plan was as follows : Insulated wires were to 
be laid to the distant station ; these wires were to terminate at 
the receiving station in gold points, which were to dip into a 
glass vessel containing acidulated water; each gold point repre- 
sented a letter of the alphabet. 

At the transmitting station the wire terminated with me- 
chanical arrangements, so that the end of any one wire could 
be brought into metallic contact with one end of the pile or 
battery, and any other wire with the other end of the batterj’. 
In this wav an electric current could be sent down anv one of 
the M’ires, and return by any other. (This principle was after- 
wards used by Professor Wheatstone, in his patent of 1837, 
which required five or six wires for each telegraph.) 

When a current was so sent from the galvanic pile over 
any two wires, the gold points connected with those two wires 
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at the distant station gave off hubbies of oxygen and hydro- 
gen gases ; and the two letters corresponding therewith were 
thus denoted. If another wire representing 0 (or nothing) 
were added, it is evident that either two letters, or only one, 
could be denoted at pleasure. 

From the experiments made by Soemmering, and the instan- 
taneous appearance of the gas when the battery was thrown 
into the circuit, he concluded that the passage of the power 
was instantaneous. lie also found that the addition of 2000 
feet of wire in the length of his circuit produced little or no 
sensible additional resistance, and that for nearly 3000 feet of 
wire, the decomposition of the water, and the appearance of 
the gas at the distant station, commenced instantaneously 
with the sending of the current. 

Soemmering used in his apparatus 35 wires, 25 of which were 
for the letters of the German alphabet, the remainder for the 
9 numerals, and one for 0. The wires were insulated by 
means of silk. This, it must be observed, is the first galvanic 
telegraph, and it is a telegraph by which, by a single move- 
ment, any one or any two letters of the alphabet could 
instantly be denoted. 

No mention was made at the time of the means to be em- 
ployed for first calling the attention of the attendant at the 
distant station, but Soemmering afterwards proposed to liberate 
a wound-up alarum by means of the evolution of gas, — a plan 
which appears to have been patented afterwards by Messrs. 
Cooke and Wheatstone in 1837. 

The following is Soemmering’s own description of his tele- 
graph : 

“ My telegraph was constructed and used in the following 
manner : In the bottom of a glass reservoir, in the following 
figure, of which a a is a sectional view, are 35 golden points 
or pins, passing up through the bottom of the glass reservoir, 
marked A, n, c, &c., which are marked with the 25 letters 
of the German alphabet and the ten numerals. The 35 
points are each connected with an extended copper wire, sol- 
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dered to them, and, extending through the tube e to the distant 
station, are there soldered to the 35 brass plates, upon the 




wooden bar, k k. Through the front end of each of the 
plates there is a small hole, i, for the reception of two brass 
pins, n and c ; one of which is on the end of the wire con- 
necting the positive pole, and the other the negative pole of 
tlie voltaic column, o. Each of the 35 plates is arranged 
upon a support of wood, k k, to correspond with the arrange- 
ment of the 35 points at the reservoir, and is lettered ac- 
cordingly. When thus arranged, the two pins from the 
column are held one in each hand, and the two plates being 
selected, the pins are then put into their holes and the com- 
munication is established. Gas is evolved at the two distant 
corresponding points in an instant ; for example, K and t. 
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The peg on the hydrogen pole evolves hydrogen gas, and that 
on the oxygen pole, oxygen gas. 

“ In this way every letter and numeral may be indicated at 
the pleasure of the operator. . Should the following rides be 
observed, it will enable the operator to communicate as much 
if not more than can be done by the common telcyraph. 

“First Rule. As the hydrogen gas evolved is greater in 
quantity than the oxygen, therefore those letters which the 
former gas represents are more easily distinguished than those 
of the latter, and must be so noted. For example, in the 
words containing ale, ad, em, ic, we indicate the letters jl, a, 
e, i, by the hydrogen ; le, d, m, e, on the other hand, by the 
oxygen poles. 

“ Second Ride. To telegraph two letters of the same name, 
we must use a unit, unless they are separated by the syllable. 
For example, the word anna may be telegraphed without the 
unit, as the syllable an is first indicated and then na. The word 
nanni, on the contrary, cannot be telegraphed without the use of 
the unit, because na is first telegraphed, and then comes nn, 
which cannot be indicated in the same vessel. It would, how- 
ever, be possible to telegraph even three or more letters at the 
same time by increasing the number of wires from 2.5 to 50, 
which would very much augment the cost of constructiou and 
the care of attendance. 

“ Third Rule. To indicate the conclusion of a word, the 
unit 1 must be used. Therefore it is used with the last single 
letter of a word, being made to follow the ending letter. It 
must also be prefixed to the letter commencing a word when 
that letter follows a word of fivo letters only. For example : 
Sie leht must be represented Si, el, le, ht\ that is, the unit 1 
must be placed after the first e. Er, leht, on the contrary, must 
be represented Er, \l, eh, t\ •, that is, the miit 1 is placed 
before the 1. Instead of using the unit, another signal may be 
introduced, the cross f to indicate the separation of syllables. 

“ Suppose now the decomposing table is situated in one city, 
and the pin arrangement in another, connected with each other 
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by 35 continuous wires, extended from city to city. Then the 
operator, with his voltaic column and pin arrangement at one 
station, may communicate intelligence to the observer of the 
gas at the decomposing table of the other station. 

“The metallic plates with which the extended wires are 
connected have conical-shaped holes in their ends ; and the pins 
attached to the two wires of the voltaic column are likewise 
of a conical shape, so that when they are put in the holes, 
there may be a close fit, preventing oxidation and producing 
a certain connection. It is well known that slight oxidation of 
the parts in contact will interrupt the communication. The 
pin arrangement might be so contrived as to use permanent 
keys, which for the 35 plates or rods would require 70 pins. 
The first key might be for hydrogen A ; the third key for 
hydrogen 13 ; the fourth key for oxygen 15, and so on. 

“ The preparation and management of the voltaic column is 
so well known that little need be said, except that it should be 
of that durability as to last more than a month. It should 
not be of very broad surfaces, as I have proved that six of my 
usual plates (each one consisting of a Brabant dollar, felt, and 
a disc of zinc, weighing 52 grains) would evolve more gas 
than five plates of the great battery of our Academy.* As to 
the cost of construction, this model, which I have had the 
honour to exhibit to the Royal Academy, cost 30 florins. One 
line, consisting of 35 wires, laid in glass or earthen pipes, each 
wire insulated with silk, making each wire 22,827 Parisian 
feet, or a German mile, or a single wire of 788,885 feet in 
length, might be made for less than 2000 florins, as appears 
from the cost of my short one.” 

schwteger’s telegraph. 

Schwieger proposed, that instead of using so many wires as 
required by Soemmering, the number should be greatly re- 
duced. Ilis proposition was that two galvanic piles should be 
used, the one considerably more powerful than the other ; so 

* Academy of Sciences at Munich. 
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that at one time the weaker one might he used, at another the 
stronger one, and at another both combined. By this arrange- 
ment the amount of gas given off in a given period of time at 
the distant station would be varied. AVhen a small quantity 
of gas was being evolved, one letter might be denoted, and 
when a larger volume was produced, a different letter, and so 
on. And again, if the periods of time during which this evo- 
lution of gas were varied also, other and different letters might 
be denoted. In this way, and by combinations of these dif- 
ferent primary results, did Schwieger propose to reduce the 
number of wires down to two, and yet to be able to denote 
every letter of the alphabet. 

Schwieger also proposed methods of permanently registering 
the letters denoted ; this was to be done by means of paper 
smeared with lamp-black and other substances, — a plan long 
afterwards emidoyed by Professor Wheatstone and partly 
patented by him. 

coxe’s telegraph. 

In Thompson’s ‘Annals of Electricity,’ in 1810, Professor 
Coxc, of Philadelphia, alludes to certain plans of telegraphing 
])v means of the galvanic pile. He appears to have had two 
plans — the one being by the decomposition of water at distant 
stations, and the other by the decomposition of metallic salts. 

Thus we see that as each successive discovery in the effects 
produced hy electricity became known, ingenious men in all 
parts of the world turned their attention almost immediately 
to the application of those very discoveries to the art of tele- 
graphing. 

RONALDS’S TELEGRAPH. 

In 1816 and the following vears Mr. Ronalds, of Ham- 
mersmith, devoted much time to the investigation of the 
electric telegraph. He erected eight miles of insulated wire 
on his lawn : he also buried a considerable length of insulated 
wire in the earth. The wires in the air were insulated by silk 
and dry wood, and those in the earth by enclosing the wire in 
glass tubes, surrounded by a wooden trough tilled with pitch. 

c 
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He employed the ordinary electric machine and the pith- 
ball electrometer in the following manner : he placed two 
clocks at two stations ; these clocks had upon the second-hand 
arbour a dial with twenty letters on it ; a screen was placed in 
front of each of these dials, and an orifice was cut in each 
screen so that one letter only at a time could be seen on the 
revolving dial. These clocks were made to go isochronpnsly, 
and as the dials moved round, the same letter always ap- 
peared through the orifices of each of these screens. The 
pith-hall electrometers were hung in front of the dials. 

It is evident, therefore, that if these pith-balls could be made 
to move at the same instant of time, that a person at the trans- 
mitting station, by causing such motion in both those elec- 
trometers, would be able to inform the attendant at the distant 
or receiving station what letters to note down as they ap- 
peared before him in succession on the dial of the clock. 

This was accompUshed in the following manner : The 
transmitter caused a current of electricity to be constantly 
operating upon tbe electrometers, so as to separate the balls of 
those electrometers, except only when it was required to denote 
a letter, and then he discharged the electricity from the wire, 
and instantly both balls collapsed. The distant observer was 
thereby informed to note down the letter then visible. In this 
way letter after letter could be denoted, words spelt, and 
intelligence of any kind transmitted. All that was absolutely 
required for this form of telegraph was, that the clocks should 
go isochronously during the time that the intelligence was 
being transmitted ; for it was easy enough by a preconcerted 
arrangement between the parties, and upon a given signal, for 
each party to start their clocks at the same letter, and thus if 
the clocks went together during the transmission of the intel- 
ligence, the proper letters would appear simultaneously, until 
the communication was finished. The attention of the distant 
observer was called by tbe explosion of gas by means of elec- 
tricity from a Leyden jar. 

Mr. Ronalds, in 1823, published a full description of this 
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telegraph, in a work entitled ‘Descriptions of an Elec- 
trical Telegraph, and of some other Electrical 
Apparatus.’ 

The following drawing shows Ronalds’ s Telegraph. 



D is an electrical machine ; b, the pith-ball electrometer ; a, 
the screen hiding the letters on the dial behind it ; f, the gas 
alarum ; e, the tube conveying the wires. 

Fig. 2 shows the moveable dial hidden by the screen in 

fig. 1. 

Fig. 3 is an enlarged drawing of the screen, with orifice 
and pith-ball electrometer. 
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Fig. 2. Fig. 3. 




merits of wires suspended in the air and wires buried in the 
earth, and arrives at the conclusion that subterranean wires 
are much to be preferred, although many persons were found 
to object to that plan. 

He says : “ The liability of the subterranean part of the 
apparatus to be injured by an enemy or by mischievously 
disposed persons has been vehemently objected to — more 
vehemently than rationally, I presume to hope (as is not 
unfrequently the case on these as on many other sorts of 
occasions). If an enemy had occupation of all the roads 
which covered the wires, he could, undoubtedly, disconcert my 
electric signs w’ithout difliculty ; but would those now in use 
escape? And this case relates only to invasions and civil 
wars ; therefore let us have smokers enough to prevent 
invasions, and kings that love their subjects enough to 
prevent civil wars. 

“To protect the apparatus from mischievously disposed 
persons, let the tubes be buried six feet below the surface 
of the middle of the high roads, and let each tube take a 
different route to arrive at the same place. Could any number 
of rogues then open trenches six feet deep, in two or more 
different public high roads or streets, and get through two or 
more strong cast-iron troughs, in less space of time than forty 
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minutes? for we shall presently sec that they would be 
detected before the expiration of that time. If they could 
render their difficulties greater hy cutting the trench deeper, 
and should they still succeed in breaking the communication 
by these means, hang them if you catch them, damn them if 
you cannot, and mend it immediately in both cases.” 

Fortunately, however, there is now no need of either hang- 
ing or damning the rascals, for the law makes a wilful damage 
done to the electric telegraph a misdemeanour, and punishes 
accordimrlv. 

O it 

ampere’s telegraph. 

Immediately after the brilliant discovery of CErsted in 
1809, (viz. that a magnetic needle always tends to place itself 
at right angles to an adjoining wire through which an electric 
current from a galvanic battery is passing,) Ampere read a paper 
before the Academy of Sciences, at Paris, in 1820, on a plan for 
an electric telegraph, based upon this discoi'cry of CErsted. 
Its principle of action was the one subsequently used by Pro- 
fessor Wheatstone in all his needle telegraphs, and therefore to 
Ampere, who first proposed the use and combination of the 
magnetic needle — the coil of wire — and the galvanic battery, 
is due the credit of being the first person to publish to the 
world the perfect practicability of an electric telegraph con- 
structed with magnetic needles surrounded by coils of wire, 
and moved by electricity generated in the galvanic battery. 
Ampere proposed to use as many needles as there were letters 
or symbols required to be denoted. Wheatstone, by com- 
bining the apparatus of Ampere in a peculiar way, obtained 
twenty letters by the use of only five wires, as will be 
explained hereafter, and, therefore, greatly improved upon 
Ampere’s plan. 

The plan of Ampere was as follows : He proposed to have 
at every station from which intelligence was to be sent, a 
galvanic battery, with all necessary keys for putting the 
battery in communication with the wires, and to have at the 
points where intelligence was to be received as many magnetic 
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needles as there were letters required to he denoted. Each 
letter was placed upon a different needle, and the needles 
were surrounded with coils of wire in metallic communicatioa 
with the wires extending between the stations. It is evident, 
therefore, that upon the transmission of a current of electricity 
through any one of those coils the needle would move, and 
with it the letter, and thus letter after letter would be 
denoted. 

Here, then, we have the first good needle telegraph, and 
one all but perfect in its parts, with the exception only of the 
great number of wires required to be employed. 

Ampere, it is true, might not have given all the minor 
details as to the keys, &c., nor was it in any way needed at 
the time, inasmuch as any one who had ever used a battery 
and tried experiments therewith, would at once have known 
how to make suitable keys in a dozen different ways, and how 
to convert a receiving station into a transmitting station 
whenever required to do so. !Much misapprehension on this 
point seems to have prevailed of late in the minds of certain 
scientific men in this kingdom ; but the circumstances under 
which those opinions have been expressed are so peculiar, 
that every allowance must be made for the parties. 

So well understood does the magnetic needle telegraph seem 
to have been in 1827, that Dr. Green, who wrote at that time, 
says — “ In the very early stage of electro-magnetic experiment 
it had been suggested that an instantaneous telegraph might 
be constructed by means of conjunctive wires and magnetic 
needles. The details of this contrivance are so obvious, and 
the principles on which it is founded are so well understood, 
that there was only one question which could render the 
result doubtful. This was, whether, by lengthening the i 

conjunctive wires, there w'ould be any diminution in the elec- i 

trical effect upon the needle.” I 

It was evident, therefore, at this time that nothing was I 

wanting but direct experiment to test this, then doubtful, I 

point, as to how far galvanic electricity would travel through a ' 
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wire. Professor Barlow’s opinion was, that the force of the 
current would be so diminished by the length of the circuit, 
that a galvano-electric telegraph would, for long distances, be 
impracticable. Other scientific men differed with Professor 
Barlow in this opinion. To Professor Wheatstone is due 
the credit of having practically solved the question, in ascer- 
taining the relative resistances of the parts of the circuit of 
an electric telegraph, and also of adjusting the size and 
length of wire required for the magnets to be employed. 
Professor Ohm founded the mathematical expression for 
the law of the resistances to the passage of all electric 
currents from the galvanic battery. These resistances were 
expressed not only in terms of the line-wire, but in terms of 
the size and distance of the battery-plates from each other, 
and also of the resistance of the fluid in the battery itself. 
Professor Wheatstone, therefore, had only to apply this 
geieral law to the peculiarities of the electric telegraph, and 
the problem would become at once satisfactorily solved, and 
it Tould show that to the extent of at least 1000 or 2000 
miL's the use of galvanic electricity for the purposes of the 
electric telegraph was perfect!^ practicable. 

triboaillet’s telegraph. 

Mr. Triboaillct, in 1828, proposed the following arrange- 
nnnt for an electric telegraph : 

A single wire only was to be used. The wire was to be 
cofcred with shell-lac, then wrapped with silk, and after- 
wards covered with resin. This insulated wire was then to be 
bu'ied in the earth, inside glass tubes, the joints being care- 
ful y luted up and made water-tight. The electricity was to 
be generated by a powerful battery, and to act through the 
insilated wire on a delicate electroscope at the distant 
staion. 

Hr. Triboaillct prepared no particular form of code for his 
telegraph, but he left it to each telegraphist to form his own 
alplabet, on the principle of making the number of the 
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motions to express the various letters or symbols desired to be 
denoted, as is now done with respect to the needle telegraph 
at present in use in England. 

schilling’s telegraph. 

aI. Le Baron de Scliiiling appears to have invented two 
kinds of telegraph ; one with five magnetic needles, and 
•another with only one needle. The first had five needles, 
.and was constructed at St. Petersburg in 1832. 

By the single deflection of e.ach of these five needles to the 
right or to the left, ten primary signals were obtained, and by 
means of a code or dictionary the combination of a fetv of 
such signals was made to express whole words or sentences. 
Schilling also invented an .alarum. The motion of one of 
his magnetic needles allowed a weight to fall, and by the 
momentum, produced by such fall, to cause an alarum to 
sound. I 

Another of Schilling’s plans, and of app.arcntly later dale, 
was to use only one magnetic needle, and by counting toe 
number of such motions of that needle to the right and left, to 
designate the letters of the alphabet thereby. 

The telegraphs of Schilling were exhibited before tie 
Emperor Alexander, ns well as afterwards before the Empercr 
Nicholas, and were highly a])prOvcd of by both. 

GAL’SS AND VVEBEU's TELEGRAPH. 

In 183.3 a telegr.aph was invented by Gauss and Weber at 
Gottingen. This consisted of a magnetic needle surroundel 
by a coil of wire, the needle being moved by the agency rf 
electricity developed by the magneto-machine. The clectrici^ 
generated was not sent simply in intermittent currents, but ty 
means of mechanical contrivances, then well known, a co|- 
staut current was produced so as to cause the deflection of tjc 
magnetic needle to continue for any desired period. T^e 
signals were to be made by the number of deflections to tac 
right and left. When a total of five motions was made jor 
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each signal, the number of different signals transmitted would 
amount to more than all the letters of the alphabet, as well as 
all the numerals, and many spare signals for special objects 
would thus be produced. 

This telegraph was constructed at Gottingen between the 
Observatory and the Cabinet de Physiques (a distance of a mile 
and a quarter). The earth appears to have been used as part 
of the circuit. 

MESSRS. T.vauix AND ETTIEYH AUSEn’s TELEGRAPH. 

It appears that Messrs. Taquin and Ettieyhausen established 
a line of telegraph across two streets in Vienna in 183G. The 
wires were partly suspended in the air and partly buried in the 
earth. 

The journal that affords the above information does not 
give any other particulars, nor does it state the kind of instru- 
ments employed. 

^ steinheil’s telegraph. 

This telegraph, in point of time, precedes the first patented 
telegraph in England. It was also a perfect arrangement. 
Dr. Stcinheil could either telegraph by sound or by the 
making of permanent marks on paper : he employed both 
these dificrent processes. 

His telegraph consisted of one wire, and of one or two 
magnetic needles as desired. The needles, as in former 
plans, were surrounded by coils of wire, and each could be 
made to move to the right or left by electricity generated from 
the magneto-electric machine. When it was desired to tele- 
graph by sound, he made the needles strike against either of 
two bells, — the one needle striking one bell, and the other 
needle striking another, differently toned. When he required 
to permanently record the intelligence, these needles were 
furnished with small tubes holding ink, and by their motions 
dots were made on paper properly moved in front of them 
by wound-up mechanism ; one needle making dots in one 

c 5 
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line, and the other needle making dots in a line underneath 
the former. 

Twelve miles of wire were erected, and intermediate as well 
as terminal stations employed. A portion of the wire was 
covered with zinc, and the ends of the wire at each distant 
terminus were joined to plates of metal buried in the earth, so 
that the earth formed one-half of the circuit. 

On the whole, Steinheil’s telegraph is a very perfect one, 
and may well put to shame many of the plans afterwards 
patented in this kingdom. 



Steinheil’s Telegraph. 
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He made his signals by a maximum of fmr dots. He used 
galvanized iron wire. He em- 
ployed but one wire for his Transmitting Apparatus of 

telegraph. He used the earth Steinheil’s Telegraph, 

circuit; and he carried wire 
both under-ground and in the 
air. 

One thing only seemed 
needed to make this telegraph 
perfect, and that was a means 
of employing secondary power 
for printing or marking the 
paper, — this has now been 
accomplished by the author. 

Steinheil’s telegraph was in 
practical operation in July, 

1837, was twelve miles long, 
and had three stations in the 
circuit. 

During the year 1837 many 
telegraphs were invented. This is also the year in which 



Coil and Magnets of Steinheil’s Telegraph. 




the first patent was taken out for an electric telegraph in 
England. It is thought better, however, to finish the descrip- 




Digilized by Coogle 






GO 



DESCRIITION OF TKLEGRAPHS 



tion of all those telegraphs that were not patented in England 
in 1837, before commencing with those patented. 

Masson’s telegraph. 

At Caen, in 1837, M. Masson erected a line of telegraph 
about a mile and a quarter long. 

The power he employed was eleetricity, developed from the 
magneto-machine, which was made to operate on magnetic 
needles at the respective termini. 

In 1838, M. Masson in conjunction with M. Breguet tried 
further experiments on a line of railway. 



morse’s telegraph. 

Professor ]\Iorse has stated that he invented his telegraph 
in 1832: it does not appear, h.owever, that any telegraph 
was actually constructed, nor the thoughts of his brain in 
practice until 1837. 

Morse himself, in a letter to the Seeretary of the Treasury of 
the United States, dated September 27, 1837, says — “About 
five years ago, on my voyage home from Europe, the electri- 
cal experiment of Franklin upon a wire some four miles in 
length was casually recalled to my mind in a conversation with 
one of the passengers, in which experiment it was ascertained 
that the electricity travelled through the whole circuit in a 
time not appreciable but apparently instantaneous. It immedi- 
ately occurred to me that if the presence of electricity could 
he made visiele in any part of this circuit, it icould not be 
difficult to construct a system op signs 
gence could be instantaneously transmitted. 

“The thought thus conceived took strong hold of my mind 
in the leisure which the voyage afforded, and I planned a sys- 
tem of signs and an ajiparatus to carry it into effect. I cast 
a species of type which I devised for this purpose, the first 
W'cek after my arrival home ; and although the rest of the 
machinery was planned, yet from the ])ressurc of unavoid- 
able duties I was compelled to postpone my experiments, and 
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was not able to test the whole plan until within a few weeks. 
The result has realized my most sanguine expectations. 

“ As I have contracted with Mr. Alfred Yail to have a com- 
plete apparatus made to demonstrate at Washington, by the 
1st of January, 1838, the practicability and superiority of my 
mode of telegraphic communication by means of electro-mag- 
netism, (an apparatus which I hope to have the pleasure of ex- 
hibiting to you,) I will confine this communication to a state- 
ment of its peculiar advantages.” * 

This letter appears to be an answer to a circular dated 
March 10, 1837, sent to certain collectors of the Customs, «&c., 
with reference to telegraphic communication, and desiring a 
reply by the 1st of October, 1837. 

Now, whether the date of Morse’s telegraph is to commence 
from the period when the thought first passed aeross his mind, 
or from the time when the first telegraph was made and sig- 
nals actually produced by him, I must leave it with others 
to decide. 

]\Iuch controversy has taken place already on this point, 
and no doubt many will, even now, with all the facts before 
them, come to different conclusions thereon. 

The peculiarities of ISIorse’s telegraph, when made, were the 
use of one wire, and that wire either to be placed under-ground 
or in the air. A galvanic battery at the transmitting station 
was to furnish the power, and an electro-magnet of iron at the 
receiving station was to record the presence or passage of the 
power. 

The armature of this electro-magnet was to have attached 
to it a pen with ink in, or a pencil, for the purpose of marking 
paper, which was to pass uniformly along in front of the pen. 
Tiie pencil or pen was afterwards abandoned for the use of a 
steel pricker. 

The first symbols used were characters like a V ; aftcnv'ards, 
when the pricker w'as used, it made small holes in the paj)cr, 
or formed long scratches on it, accordingly as the current of 
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electricity was kept on for a short or long period. The com- 
bination of dots and long strokes thus formed his alphabet. 
This telegraph has been most extensively used in America, and 
is very simple both in construction and use. 

The first experiment was made over half a mile, on the 2nd 
October, 1837. 





Fig. 2. — Recording instrument. 



Fig. 1 shows the lever key usually employed for transmit- 
ting the currents of electricity. This is too simple to need 
description. 

Fig. 2 is the recording or receiving instrument. 

A is the electro-magnet ; b, the armature attached to the 
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lever d, working on the centre c ; l is the steel pricker ; 
F is the long strip of paper coming ofiF the drum G, and passing 
under the roller h ; j is the paper after it has been marked 
by the pricker. 

The j)aper is kept continually moving under the roller h by 
means of clock-work mechanism, as shown. 

When an electric current passes round the electro-magnet 
A, the armature b is drawn down, and the pricker l. forced 
into the strip of paper. 

If the current be held on for a long period, a long mark or 
cut will be made in the paper, — if for a short time, a dot only 
is produced. 

The following represents Professor Morse’s alphabet, com- 
posed, as it will be observed, of long and short marks. 

morse’s AMERICAN ALPHABET. 

AB CDEF GHIJ 



K LMNOP Q RST 



U Y W X Y Z & 1 



3 4 5 6 7 8 



9 0 

Vail's telegraph. 

From Vail’s work on Telegraphs it appears that in Sep- 
tember, 1837, while he was engaged in making a tele- 
graphic instrument for Professor Morse, for the purpose of 
exhibiting its actions to a Committee of the Congress, he 
invented a telegraph for printing the letters of the alphabet. 

The arrangement appears to have been as follows : At the 
receiving station an ordinary clock-work apparatus was em- 
ployed with an escapement action ; to the axle of the seconds 
wheel a tj^e wheel was affixed ; as this seconds wheel moved 
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step by step by means of a pendulum, the type wheel was 
moved forward letter by letter ; every letter was thus brought 
successively under a type connected with an electro-magnet in 
metallic connection with the line wire. This electro-magnet 
was so arranged that when a current of electricity passed 
through it, the paper was pressed against the type wheel, and 
an impression made of the letter then present. 

At the transmitting station a similar instrument was em- 
ployed, but in the type wheel holes were drilled opposite each 
letter, in order to insert therein a small pin. As the type wheel 
revolved by the action of the clock-work apparatus, a pin so 
inserted in any of the holes in the type wheel came in contact 
with a projecting piece of brass, and a current was thus caused 
to pass along the hue-wire, and the letter opposite to that pin 
printed. 

The pin was then suddenly removed and placed in a hole 
corresponding with the next letter to be printed ; and then that 
letter was printed, and so on to the end of the message. 

This telegraph is a very complicated one : the limited space 
allowed prevents a fuller account being given: an extended 
description ivill be found in the account of the American 
telegraph as published by Mr. Tail. 

Alexander’s telegraph. 

In 1837, Mr. Alexander, of Edinburgh, constructed an elec- 
tric telegraph on the following plan : 

He employed 30 wires and 30 magnetic needles. At the 
end of each needle was fixed a screen covering a letter behind 
it : on the transmission of a current of electricity from a gal- 
vanic battery over any w'ire, the corresponding needle was 
moved to one side, and the desired letter exj)Osed to view. 
The letters were painted on a vertical dial, and the needles 
arranged over them ; 30 keys were used with the letters of the 
alphabet on them. On pressing down any one of these keys 
a current of electricity was made to traverse its wire and to act 
on the needle belonging to that wire. I3v confining the mo- 
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tion of each needle to one direction only, no oscillation or 
vibration of the screen ensued. 

This telegraph was exhibited at v/orlc at the Society of Arts 
in Edinburgh, in 1837, and an account of it appeared in some 
of the Scotch papers, as well as in the Mechanic’s Magazine 
for November, 1837. 

Tlie original instrument was lately shown at the Great 
Exhibition in Hyde Park. 

The following is a drawing of it : 





Batter)'. 



A is a voltaic battery ; n, a trough fdled with mercury ; c, 
a wire connecting the zinc plate in the battery with the 
trough of mercury ; d, the return, wire connected with the 
copper plate of the battery ; e, a key to be pressed down by 
the finger of the operator, like the key of a piano-forte ; f is 
a pendant wire which dips into the mercury when the key is 
depressed, and completes the circuit formed by the wires c 
and D, extending from one terminus of the telegraph to the 
other. 

G is the distant dial upon which the whole letters of the 
alphabet and stops are marked. The letters are not seen 
when the magnetic needles — poised horizontally in free space 
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behind the dial — are in their natural position of north and 
south, but are hidden by screens or veils marked v, attached 
to each of their north poles. But when the circuit is com- 
pleted by the depression of the key e, the corresponding 
magnetic needle is deflected to the west and exposes, as at 
K, the letter previously concealed. Thirty copper wires and 
a return wire extend from the keys to the magnetic needles. 

A metallic rod may be advantageously substituted for the 
trough of mercury below the keys. 

Davy’s telegraph. 

The arrangement of Davy’s telegraph was as follows : Small 
screens were attached to magnetic needles surrounded by coils 
of wire ; behind the screens were the letters of the alphabet 
painted upon ground glass ; a lamp was placed behind the 
instrument so as to illuminate the letters which were dehneated 
on the glass ; on the removal of a screen to the right, one let- 
ter was brought into view, and on its removal to the left, 
another letter, and so on. Twelve keys were used. A galvanic 
battery was employed to cause the needles to move, and w'ith 
them the screens. The exact number of wires does not appear. 
An account of this telegraph appeared in the London Mecha- 
nic’s Magazine for 1837. 

HISTORY OF PATENTED TELEGRAPHS. 

We come now to the period when every improvement in the 
electric telegraph, in England was made the subject of a patent, 
but it would be impossible to give an exact description of each 
of the parts of the patents of the various patentees in the 
space allowed. 

It would also be utterly impossible to make many parts of 
the inventions intelligible to the reader without having en- 
gravings of all the drawings to accompany the specifications ; 
and to give a full description of the many patents, with en- 
gravings of the various drawings accompanying the respective 
specifications, would entail an enormous expense. 
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To supply the reader \vith an approximate idea as to what the 
cost would he, it will only be necessary to state, that to obtain a 
written copy of the s{)ecification of almost any of these patents 
would of itself cost from ^6 10 to £i0 — and mere office copies 
of the specification of two patentees would cost 36169. ds. 

There are now no less than about 40 patents taken out in 
England in connexion with electric telegraphs, so that the 
mere cost of obtaining copies of the specifications of the 
English patents, and irrespective entirely of the cost of 
printing the same, and having engravings made for them, 
would totally preclude the possibihty of giving each of them 
in extenso. 

It is to he hoped that the laws respecting patents will not 
remain long in their present unsatisfactory state. 

Nothing can he more absurd than the present rules with 
respect to the specifications of patents. Every individual in 
this kingdom is as much bound by the specifications of a patent 
as by an Act of Parliament. No one may either make, use, 
exercise, or vend any patented article, unless permitted to 
do so by the patentee. Hundreds of patents are taken out 
annually, and yet a man living anywhere out of London, 
vmlcss he comes up to town and searches in the Enrolment 
Offices of the Courts of Chancery, — a process which might 
detain him many days at a large expense, — cannot know what 
he is forbidden by law either to make, use, or sell. 

Again, no classified index is kept at the Enrolment Office, 
so that unless a person employs a patent agent, or some good 
fortune attend him, he may search for days and weeks in a 
variety of books and rolls of parchment, without knowing 
whether he is or is not forbidden to make an article which 
he has just invented, but which may, for aught he can learn 
to the contrary, have been, during the previous fourteen years, 
patented by some one else. 

Until a proper index is made of all patents, and published 
periodically, and sold at rates similar to Acts of Parliament, — 
and until all specifications are printed also and sold at similar 
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prices, — such a confused and difficult state of things must, it is 
feared, continue to remain, to the utter shame and disgrace of 
this inventive and mechanical nation. 

Let us take, for example, the case of a party u’ishing to 
erect an electric telegraph of his own or of his friend’s inven- 
tion. How is it to be ascertained whether or not the plan 
is any infringement of at least one, if not of some dozen 
existing patents? Every patent relating to electric telegraphs, 
to the production of electricity, and magnetism, &c., must he 
carefully sought out ; every word of every specification care- 
fully read and comj>ared uitli the existing state of public 
knowledge at the date of the patent, and read too with a full 
knowledge of the contents of probably many previous patents 
referred to therein. 

Some specifications, instead of quoting from, refer to parts 
of other specifications. The specifications are written on 
parchment, and sometimes in characters scarcely legible by 
persons of the present day. The jdans accompanying the 
specifications are often stitched yards and yards from the parts 
of the specification where they are referred to. 

Before the speeifications are copied on to long narrow rolls 
of parchment, many have occupied (exclusive of plans) 1 fi to 
18 skins of closely-written parchment. Not a word may be 
copied at the time of the reading of the specification in the 
Office — nor will the officials copy for payment a portion onbj 
of the specification. No pencil or paper is allowed. The 
reader must carry in his head the meaning, the bearing, and 
the contents of the whole sj)ccification, and of every single 
sentence in some IG or 18 skins of parchment, and that too 
of perhaps some 20 to 30 specifications, before he can feel at 
all confident in his own mind that the erection of the telegraph 
he desires will not bring down upon him some half-dozen 
actions in law from various quarters : such is the glorious un- 
certainty of the matter, and such arc the facilities at present 
afforded to inventors and other ingenious and scientific men of 
the day, to enable them to steer clear of the breaking of the 
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law, and to give to the public new and improved plans of 
telegraphs. 

The author having gone through all the nuisance of this 
searching and reading of the specifications of every patent for 
electric telegraphs, and having endured the horrible torture of 
learning claims by heart, and of filling his head to the full in 
the Enrolment Office, and emptying it on paper immediately 
he has emerged frnm the door of those dreaded precincts, 
can well bear Avitness to the abominable and disgraceful state 
of things as regards the present state of the patent laAvs in this 
kingdom. 

But enough, — it is certain that the reader will not wish to 
have an extended account of telegraphs, the description of 
which has to be acquired by such means, nor will he place 
much reliance on the more minute details obtained from specifi- 
cations in the manner above given. 

It is proposed therefore, on all the above grounds, to give 
only an abstract of a few of the leading features of some of 
the telegraphs patented from the year 1837 to the present 
time, selecting the patents of those parties whose inventions 
are now in daily practical operation in the kingdom. 

The author Avould observe, that he has not hesitated to put 
into print long ago the specifications of the various patents 
taken out by himself. 

It is now proposed to deviate slightly from the plan hereto- 
fore followed, viz. of giving the inventions of different parties 
merely in the order of the dates of such im'entions. It is 
believed that when a person takes out a patent one year, 
and then improves upon his invention and so patents this 
second improvement in the next year, and so on with a third, 
fourth, and fifth set of improvements, for which separate 
patents have been respectively taken out, that it will be much 
better to continue the description of those patents in the order 
of their date, than to leave off and to commence the descrip- 
tion of the inventions of other parties — inventions relatmg per- 
haps to a wholly distinct class of telegraphs. 
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LEADING FEATURES OF THE PRINCIPAL TELEGRAPHS 
PATENTED FROM THE YEAR 1837 TO THE PRESENT 
TIME. 

COOKE AND Wheatstone’s telegraph. 

On the 12th of June, 1837, Messrs. Cooke and Wheatstone 
took out letters patent In England for “ improvements in giving 
signals and sounding alarums in distant places by means of 
electric currents transmitted through metallic circuits.” 

Many persons have long had an idea that Messrs. Cooke and 
Wheatstone were the first inventors of the electric tele- 
graph. It is clear, however, from what has been said before, 
and from the very title of this patent, which is for improve- 
ments , — and those improvements relating to certain particular 
parts only of the electric telegraph, — that such a notion is 
wholly erroneous. 

The peculiar features of this telegraph were, as they are 
expressed in the title, improvements on the well-known modes 
of making the signals and of sounding alarums. 

Five magnetic needles and coils were used, and either five or 
six wires employed, accordingly as it was desired, by means 
of the needles, to produce twenty or thirty primary signals. 
The needles were arranged in a horizontal row and on a 
vertical dial, and stops were placed to cause each needle to 
remain inclined at a particular angle when acted on by electric 
currents. 

Letters were engraved on the dial at the points where the 
lines of convergence of two needles met ; by causing two of the 
five needles to converge, a letter could be denoted. Five 
wires and five needles gave twenty of such signals ; if a sixth 
wire were employed, but without a needle, then onlyo«e of the 
five needles could, if desired, he moved ; and thus, by the 
single motion of each of the five needles to the right or left, 
ten other signals could be given. 

The improvement relating to the alarum was the employ- 
ment of the attractive force developed in soft iron (when 
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electric currents were caused to pass round it in coils of wire) 
for the purpose of striking a bell or releasing wound-up 
mechanism. 

It is clear that this telegraph, as a whole, was a great 
improvement on many others at that day, though still very far 
from perfect. 

The peculiar arrangement of the dial at once reduced the 
number of wires which would have been required under 
Ampere’s plan from twenty to five, although it must not 
be forgotten that at this time many one-wired telegraphs were 
well known. 

A peculiar kind of key-board was employed, and other 
mechanical improvements effected. It must be observed, how- 
ever, that this telegraph contains little or nothing new beyond 
the peculiar combination of well-known parts. The use of the 
needle and coil was old ; the employment for telegraphic 
purposes of galvanic electricity was old ; the burying of insu- 
lated wires in tubes was old ; the attractive force of soft iron 
to develop electro-magnetic properties was old. But the pecu- 
liar mode of '‘giving signals and sounding alarums" (the 
words as given in the title) was new, and was an improvement 
on the then known plans of this class of telegraphs, and a 
great hnprovement too. 

The author has been anxious to put this matter in what he 
considers its true light, as much misappreheusion has arisen as 
to what the real inventions in this patent were, — a misaj)pre- 
hension which he conceives has arisen from the great difficulty 
which all persons (excepting only those who have spent many 
years in this particular branch of science) experience in obtain- 
ing a correct knowledge as to what was and what was not the 
common stock of knowledge possessed by mauy parties at that 
date conversant with the science, and especially as to what had 
been already done in electric telegraphs. 

To Professor Wheatstone himself credit must be given, not 
only of knowing what had been done in this country, but what 
had been proposed and done in almost every civilized country 
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on the Continent, both as regards electrieity and electric tele- 
graphs ; and hence the reason is obvious why the first patent 
taken out for an electric telegraph in this kingdom had in its 
title, for its security’s sake, the word “ improvements.” 
The author conceives that great injury has been done to 
Professor "Wheatstone and his partner ^Ir. Cooke by parties 
claiming for them the first invention of the electric telegraph ; 
whereas if those friends had but read the first published words 
» of the inventors themselves, they would have found that 

all that they themselves had said was, that what they had 
invented were only certain improvements. Much undeserved 
bitterness and acrimony of feeling have thus been raised 
unjustly against tlie ^vsi patentees of improvements in electric 
telegraphs. 

■Wheatstone’s five-needle telegraph, patented in 

1837. 




Digitized by Google 



FROM 1837 TO THE PRESENT TIME. 73 

Tlie following description will explain this form of tele- 
graph : 

Cooke and Wheatstone’s arrangement required the service of 
five galvanometers. Annexed is a representation of the dial. 
In the interior there are five galvanometers, numbered 1, I ; 
2, 2 ; 3, 3 ; 4, 4 ; and 5. The coils of the multipliers are 
secured with their needles to the case, having each exterior 
needle projecting beyond the dial, so as to be exposed to view. 
Of the wires from the coils, five are represented as passing out 
of the side of the case, on the left hand, and are numbered 1 , 
2, 3, 4 and .‘5. The other five wires pass out on the right 
hand, and are numbered in the same manner. The wires of 
the same number as the galvanometer are those which belong 
to it, and are continuous. Thus the wire 1, on the left hand, 
proceeds to the first coil of galvanometer 1, then to the second 
coil, and then coming off, ])asses out of the case, and is num- 
bered 1, on the right hand; and so on with the other wires. 
The dial has marked upon it, at proper distances and angles, 
twenty of the letters of the alphabet, viz., a , d, d, e, f, g, ii, 
I, K, L, M, N, o, p, R, s, T, V, w, T. On the margin of the 
lower half of the dial are marked the numerals, 1, 2, 3, 4, 5, 
G, 7, 8, 9, and 0. The letters c, J, q, u, x, z, are not repre- 
sented on the dial, unless some six of those already there are 
made to sustain two characters each, of which the Specification 
is silent. Each needle has two motions, — one to the right, 
and the other to the left. For the designation of any of the 
letters, the deflection of two needles is required, but for the 
numerals, one needle only. If one needle only were required 
to be moved, six wires w'ere necessary. The letter intended to 
be noted by the observer is designated, in the operation of the 
telegraph, by the joint deflection of two needles, pointing 
by their convergence to the letter. For example, the needles 
1 and 4 cut each other, by the lines of their joint deflection, at 
the letter v, on the dial, which is the letter intended to be 
observed at the receiving station. In the same manner any 
other letter upon the dial may be selected for observation. 

D 
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Suppose the first needle to be vertical, as the needles 2, 3, and 
5, then needle 4 being only deflected, points to the numeral 4 
as the number intended to be signified. 

The next inventions of Messrs. Cooke and Wheatstone were 
patented in the name of Mr. Cooke only. The patent was 
sealed on the 18th day of April, 1838. The principal im- 
provement in this patent consisted in a peculiar means of 
enabling two intermediate stations to communicate with each 
other and with either terminus. 

Under the first patent a message could be sent from either 
terminus, and it could also be read off at an intermediate 
station ; but the intermediate stations could not, with the 
peculiar arrangement of the keys described in the first specifi- 
cation, send a communication to each other or to either of the 
termini. 

The plan set forth would be extremely difficult to describe 
without a model ; even the Specification, accompanied with its 
drawings, is quite unintelligible to the general reader. This 
plan, however, is not in use now, and has long been super- 
seded by other later and better inventions. 

Another plan of sounding an alarum is described in this 
patent. Wound-up mechanism was to be liberated and a bell 
sounded hy the angular motion of a magnetic needle, the 
motion being produced in a manner similar to the motion 
of the needles of the telegraph instrument in the previous 
patent. 

The peculiar form of telegraphic instruments, as described 
in these two patents, for sending intelligence, was tried both 
on the Great Western and the London and Birmingham 
Railways, but was soon abandoned, and has never since 
been used either in this or any other kingdom. A different 
form of telegraph, viz. an instrument having only two 
needles, is now in use, and in some cases only one needle is 
employed. 

The engraving represents one of these double-needle instru- 
ments. 
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The following is an account of the number of words per 
minute sent by the double-needle telegraph in 1 1 despatches 
for the ‘Times’ newspaper, in the year 1849. The average 
per message is at the rate of nearly 1 7 words per minute : 



364 words, 


at the rate of 131 words per minute. 
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The next patent taken out by Messrs. Cooke and Wheatstone 
was dated the 21st of January, 1840. 

The telegraph included under this patent is a step-by-step 
letter-showing telegraph. A disc, having all the letters upon 
it, was fixed on the axle of a piece of clock-work mechanism, — 
an electro-magnet and armature of iron were attached, so 
that as the armature was attracted to the electro-magnet, the 
disc was allowed to progress one step forward in its revolution, 
and thus to expose to view-, in a small orifice cut in the dial 
for the purpose, the letters of the alj)habet, one by one at 
a time. A pallet and eseajiement wheel, similar to those 
employed in a clock, were used, so that every current of 
electricity transmitted allowed the disc to progress one step or 
tooth, and to expose to view successiveh' each letter of the 
alphabet. When a particular letter was to be recorded, the 
disc was allowed to remain for a short period of time, with the 
desired letter, exposed to view. 

Electricity, from a peculiar arrangement of the magneto- 
machine, was also employed. 

This telegraph is known as the Revolving Disc Telegraph. 
The great difficulty experienced with this telegraph was the 
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impossibility of making the discs at two or more stations 
to move exactly together, i. e. for neither disc to lag behind. 

If this lagging behind did occur, then when B was visible at 
one station, A would be visible at another, and ever afterwards 
all the letters would be wrong. 

Wheatstone’s Electro-Magnetic Telegraph, as tried on the Great Western 

Railway. 
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The Specification also describes another modification of an 
alarum. 

This telegraph has never been brought into any extended 
practical use in this kingdom, and is now entirely abandoned 
for other plans. 

The preceding figures will sufficiently explain the arrange- 
ment. 

The next telegraph by INIessrs. Cooke and Wheatstone was 
jiatented on the 7th of July, 1841, in the name of Wheatstone 
only. 

The Specification principally refers to electric engines and 
particular means of producing and developing the power ; but 
it has also claims for parts having reference to electric tele- 
graphs. 

The parts referring to telegraphs contain descriptions of 
modes of making marks on paper by means of transfer paper, 
and modes of causing two or more electro-magnets to act 
in succession by means of electricity sent over only one line- 
wire. 

The next patent taken out by Messrs. Cooke and Wheat- 
stone was for particular modes of suspending wires in the air. 
This patent bears date the 8th of September, 1842, and was 
taken out in the name of Mr. Cooke only. 

The modes described are various, but the principal features 
were the causing of zones of dry wood to exist between wire 
and wire by means of artificial boxes or circular sheds like 
umbrellas, — the tightening of wires by certain well-known 
mechanical means, — the use of compound twisted wire — a 
kind of portable telegraph instrument to be attached to the 
wires, — as also the use of wires suspended under the particular 
modes as described and patented, if used for the purposes of 
sending currents of electricity to work electric clocks, or par- 
ticular kinds of apparatus connected with certain descriptions 
of electric telegraphs. 

The plan of causing zones of dry wood to intervene between 
wire and wiie was tried and has been abandoned. It was sue- 
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ceeded by the following method, which has been very ex- 
tensively employed in England until within the last few 
months. 

The following figures will explain this plan : 
a a are arms of wood attached to a post or standard by 
means of a bolt passing through the porcelain tubes yy. ee 
are tubular insulators of porcelain, affixed to the arms by clips 
of iron. The wires pass through the tubes e e, and are there- 
by insulated. About every tenth post is made stronger than 
the intermediate ones, and strong cast-iron ratchet-wheels. 



Fig. 1. 




Fig. 2. Fig. 3. 




with barrels, rr, arc affixed to it for drawing up the wires. 
When the wire has been threaded through the insulators ee 
on the intervening poles, its end is attached to these winders, 
and on turning the ratchet-wheels round by means of a strong 
handle, the wire may be wound round these barrels and thus 
drawn up to any degree of tension desired. The ratchet- 
wheels and barrels on each side of the post are connected to 
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eiich other by the holt h, and are insulated from the post by 
means of the porcelain tubes 1 1. 

Figs. 2 and 3 show the plan of a drawing post with these 
winders attached, and fig. 1 the plan of an intermediate post. 




Fig. 4 is a vertical section of figs. 2 and 3. The posts are 
shown fitted up for two vertical rows of wires. The wires now 
used arc of iron, which is galvanized, to protect it from the 
action of the damp atmosphere. They are of about one-sixth 
of an inch in diameter, corresponding to No. 8 of the wire 
gauge. The wire being obtained in as great lengths as possible 
in the first place, successive pieces are welded together until 
a length of about 440 yards has been formed, the weight 
of wliich is about 120 lbs. 

The following are the principal dimensions of the posts and 
poles used in the first telegraphs of the kind erected in Eng- 
land : 



1 

1 LENCTn. 


AT BASE. 


AT TOP. 


Drawing 

Posts. 


Intermediate 

Posts. 


1 

Drawing I Intermediate 

Posts. 1 Posts. 


18 ft. 
22 
28 


in. in. 

9x8 

10 X 8 

11 X 10 


in. in. 

6x6 

7x6 

8x7 


in. in. 

7 X 6.J 
Do. 
Do. 


in. in. 

5-1 X 4^ I 

Do. j 

Do. j 



This mode of suspending wires is now, however, being aban- 
doned for a more simple and inexpensive method. In the first 
place, the poles are of larch or common fir, — the winding 
apparatus is dispensed with, — and a new form of insulator 
adopted. 
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The first plan adopted by Messrs. Cooke and Wheatstone 
in the extension of the conducting wires between distant 
points, was to cover each wire with cotton or silk, and then 
with pitch, caoutchouc, resin, or other non-conducting ma- 
terial, and to enclose them, when thus insulated, in tubes or 
pipes of wood, iron, or earthenware. The telegraph on the 
Great Western line was originally laid down on this method. 
This was soon abandoned for the introduction of wires on j)oles 
insulated by zones of dry wood. This second plan in its turn 
has also been discarded, and the wires and poles have been 
pulled up. 

Excepting in localities where the suspension of wires is dif- 
ficult, as in streets and towns, or on public roads, the earlier 
method of placing the wires in tubes of iron or wood, as prac- 
tised by Messrs. Cooke and Wheatstone and ofheis, has given 
place to the above plan. 

The last patent taken out by these parties was dated the Gth 
of May, 1845. 

The patent is very voluminous and contains several improve- 
ments in the detailed or dissected portions of the telegraphs 
then in use. To give an idea of the length of this Specifi- 
cation, it is necessary only to state, that the copy which the 
anthor has occupies no less than 90 sides of foolscap paper, 
written on very closely, and with not less than 30 lines to 
each page, i.e. 2/00 lines of closely-written foolscap. 

The claims amount to fourteen in number. 

The improvements relate to particular modes of moving mag- 
netic needles, — modes of arranging stops to needles, — modes of 
arranging pointers, — modes of producing audible sounds for 
particular purposes, — a particular kind of code, — other modes 
of moving pointers, — a mode of attaching a portable telegraph 
to the line-wires, — improvements in galvanometers, — a mode 
of setting free an alarum by a falling weight, — covering iron 
wire with leaden tubes when the tubes are to be suspended in 
the air, — alterations in magneto-machines, and lastly, a par- 
ticular kind of key apparatus. 

D 5 
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An Act of Parliament was obtained in 1845, for incorpo- 
rating a Company under the title of ‘The Electric Tele- 
graph Company,’ for the purpose of working these patents. 

Davy’s telegraph, 1838. 

The patent taken ont next after the first two patents of 
Messrs. Cooke and Wheatstone uas by Mr. Edward Davy, 
and was sealed on the 4th of July, 1838. 

This patent was for a chemically marking telegraph. Three 
wires were to be used, and points of metal wire were to be caused 
to press, by means of the motion of magnetic needles, upon 
chemically prepared fabric at the distant or receiving station. 

The fabric to be employed was calico or paper, and it was to 
be moistened with a solution of hydriodate of potass and muri- 
ate of lime. 

The motion of a needle to the right caused a mark to be 
made on one part of the fabric, and the motion of the same 
needle to the left caused a mark to be made on another part 
of the fabric ; and the same for each needle attached to the 
respective wires. Thus the single or combined marks were 
made to express letters or other desired symbols. 

The Specification contains many other improvements in the 
details of a telegraph. 

The form of telegraph, as given, has never been brought into 
practical use. The inventor left this country for Australia, 
and the patent has been bought by the Old Electric Telegraph 
Company, but not used. 

This jiatent would not have been noticed, if it had not in a 
great measure formed the basis of some of the chemically 
marking telegraphs as used in this or other countries ; viz. 
those of Bain, Bakewell, and others. 

Fig. 1 is a top view of the telegraph. 

Fig. 2 is a side view. 

Fig. 3 is a section showing the construction of the keys. 

Fig. 4 is a drawing of the fabric as it would appear when 
marked by the colouring produced by the electric current. 
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bain’s telegraphs. 

We will now pass on to the patents of Mr. Alexander Bain. 

Mr. Bain, in 1845, opposed the Bill of the old Electric 
Telegraj)h Company, when before Parliament. The result 
was a compromise between the parties, and the purchase by 
that Company of the patents of Mr. Bain. 

The first patent of Mr. Bain was sealed December 21, 1841. 

This patent relates to a telegraph applicable to locomotive 
engines. 

With rjegard to that part which has more immediate refer- 
ence to the eleetric telegraph, Mr. Bain proposed to have 
the coil moveable, and the magnet stationary; Cooke and 
Wheatstone’s plan being the reverse of this, — viz., the coil 
being stationary, and the magnet moveable. 

Mr. Bain proposed to apply this mode of obtaining motion 
both to ordinary telegraphs as well as to a new form of print- 
ing telegraph. This printing telegraph was an extremely 
ingenious one at the time. A modification of it was afterwards 
at work for some time over a few miles on the South Western 
Bail way. 

In this patent also was included a mode of insulating 
wires by means of bitumen. 

A second patent was taken out by Mr. Bain in 1843. 

This patent contains improvements on the foregoing plans, 
besides several other new arrangements, and also a plan of 
lowering the plates of a battery by means of clock-work 
mechanism and an electro-magnet, so as to keep the powxr 
employed alw'ays of the same strength. 

The patent has also inventions with respect to electric 
clocks, and describes as well a mode of producing copies of 
type by means of electro-chemical decomposition. 

The telegraph known as Bain’s I and V telegraph (so 
called from the particular figures which were employed in 
forming words and sentences) is fully described in the Speci- 
fication. 
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Mr. Bain also, in the same Specification, describes his mode 
of burying in the earth a mass of copper at one terminal 
station, and a mass of zinc at the other, and joining, when 
desired, these metals by the line-wire. A current of electricity 
could of course flow through the wire, and this electricity 
was to produce the necessary signals. 

To those versed in the science of electricity, it will be 
evident that this arrangement was but the using of one large 
oell, in which the mass of copper and of zinc formed the plates, 
the earth the jar or cell, and the moisture in the earth the 
exciting liquid. 

The practical objections to this arrangement consist in the 
want of intensity in the electricity generated, and in the mo- 
tion of a magnetic body being obtained only in one direction. 

A third patent was taken out by Mr. Bain in 1845. This 
patent was sealed on the 25th September. 

The first part refers to suspending wires in a kind of fence 
railing, and also a peculiar mode of suspending wires on posts. 

Another part refers to the handle apparatus of a telegraph 
for transmitting currents of electricity. There is nothing new 
in the principle herein employed, but the mechanism differed 
from that in use at the time. 

There are also modes of sounding alarums, and also im- 
provements on codes to be used with the I and V telegraph. 

Improvements are also set forth in step-by-step movement 
telegraphs, and in printing or dotting telegraphs. Several 
improvements in electric clocks are also described. 

A fourth patent was taken out by Mr. Bain in 184G. This 
patent was sealed on the 12th of December. The first part 
refers to the mode described of a one-wire chemically marking 
telegraph. A circular wheel, with moveable projecting pins, 
was employed. When the pins were pulled out as the wheel 
revolved, they came into contact with other spring pins, and 
thus caused currents of electricity to be transmitted from a 
battery, producing thereby corresponding chemical marks on 
chemically prepared paper at the distant station. 
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Another plan consisted in cutting out slits of different lengths 
in a long strip of paper at the transmitting station, and allowing 
this perforated strip to pass uniformly over a metal cylinder 
with a pin or spring pressing on the top of the paper. When- 
ever, therefore, a hole in the paper passed under the pin, the 
pin came into metallic contact with the cylinder underneath, 
and allowed a current of electricity to pass through the line- 
wire. All the holes in the paper, and their length, were 
therefore proportionably represented at the distant station 
by chemical marks of corresponding lengths on the prepared 
jiaper at that station. This form of telegraph is the quickest 
at present invented. It does not, however, seem suited to 
ordinary communications, but only to the transmission of very 
long documents on extraordinary occasions. 

If one person only is employed to punch holes in the paper, 
it is evident that, instead of making a hole in the paper, a 
current of electricity might as readily be sent, and a chemical 
mark made at the distant station, and thus the message might 
actually be sent in the same time as that required for cutting 
the paper. But this remark applies only to the case where 
there is but one attendant for a wire. If a number of men be 
employed at each station, then, by dividing the message into 
parts, and each man punching out his part, the whole paper 
cau be perforated in less time than one man could send the 
message. On uniting this perforated paper, and applying it to 
a machine, and on turning the cyhnder round, corresponding 
chemical marks may be made at a distant station with very 
great rapidity. The commercial question is therefore, where 
ordinary communications are alone required, one of large 
working expenses versus a rather larger outlay of capital in 
the first instance. The plan proposed, however, is most inge- 
nious, and the instrument will form a good adjunct to the 
other instruments at very important stations. 

This same patent also includes a form of telegraph post. 
This is composed of four thin slabs of timber fastened toge- 
ther in the manner of a box, the interior being hollow. The 
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author is not aware that this plan of post has ever been 
adopted. 

Owing to the fact that no publication of the Specifications 
of these patents has yet been made, the author is unable to give 
drawings of the same, or to refer more fully thereto. These 
telegraphs show very great ingenuity in their various parts, as 
also in the mechanical details employed. 

HIGHTONS’ TELEGRAPHS. 

The next patents in order arc those of the Messrs. II. and 
E. Highton, — viz. those of the Rev. H. Highton, M.A., and of 
his brother, Mr. Edward Highton, C.E., (the author of the 
present treatise.) 

The first patent was taken out in 1844 by the Rev. H. 
Highton. In this telegraph electricity of high tension was 
employed, viz. that produced either from the ordinary electric 
machine, or from the hydro-electric machine : one wire only 
was used. A piece of paper, which was moved uniformly by 
clock-work mechanism, was conducted at the receiving station 
between two points of metal in connection with the line-wire, 
the points being placed one above the other, and on opposite 
sides of the paper. On sending currents of electricity, the paper 
was pierced by the electricity, every shock making a little hole 
through it. If the electricity transmitted were positive, a hole 
was pierced at one of those points, and if negative, a hole was 
made at the other |ioint. By the combination of these per- 
forations letters and symbols were denoted. 

By an arrangement of these dots or holes, under the ordinary 
mathematical law, from 30 successive currents of electricity, 
occupying, say, 15 seconds of time, no less than 1,073,741,824 
different signals could be made. 

Ten miles of wire were erected on the London and North 
Western Railway, for the purpose of testing the practicability 
of the plan, and of obtaining certain fundamental laws as to 
the transmission of electric currents. The signals were found 
to be given with great certainty, and the paper, moistened 
with dilute acid, was pierced even when a Leyden jar, filled 
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only with water, and in size not greater than one’s little finger, 
was employed. 

The acceptance by the author of an appointment as General 
Superintendent to a railway company, and his being engaged 
in other engineering works, prevented the further carrying 
out of this plan of telegraph. 

The plan was submitted to the Government, and an offer 
was made to connect Liverpool with London by means of this 
telegraph, and that at the sole risk of the patentee and the 
■author, provided that the Government would obtain for them, 
for such purpose, liberty to use the lines of the London and 
Birmingham, Grand Junction, and Liverpool and Man- 
•chester Kailways. The Government, however, found that 
at that time they possessed no compulsory power to grant such 
license, even for a telegraph for their own use ; and hence in a 
Bill passing through Parliament at the time with reference to 
railways, clauses were added, giving this power to Government 
for telegraphs for their own purposes. This, it is believed, was 
done at the instigation of the late Sir Robert Peel, with whom 
the author was at the time in communication on the subject. 

The paper, when marked, would appear thus : — 

• •••• • •• 

Highton’s system of marks for higli-tension electricity. 

The above, on one plan, would correspond with the number 
12,413,411, and would in sending occupy only some 5 or 
6 seconds. 



highton’s telegraphs. 

The next patent was taken out by the Rev. II. Highton, 
M. A., in 1846. The telegraph included in this patent is 
known as the Gold-leaf Telegraph. 

A small strip of gold-leaf inserted in a glass tube was made 
to form part of the electric circuit of the line-wire. A perma- 
nent magnet was placed in close pro.\imity thereto. When a 
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current of electricity was passed along the line-wire, the strip 
of gold leaf was instantly moved to the right or left, according 
to the direction of the current. 

The author lays no claim to this invention ; he was at the 
time occupied in important engineering works, and did not 
even see this form of telegraph until it was bought by the 
old Electric Telegraph Company, in consideration of a small 
annuity for fourteen years, which the Company agreed to pay 
to the inventor for the exclusive use of the invention. 

The following will fully explain this most simple and per- 
fect telegraph : 

Extract from the Specification of the Patent granted to Henry 
Highton, of Rugby, in the county of Warwick, Master of 
Arts, for improvements in Electric Telegraphs. Sealetl 
February 3, 1816. 

“To all to whom these presents shall come, &c. &c. — In 
the electric telegraphs now commonly used on English rail- 
ways, signals are given by the motions of magnetic needles, 
which are caused to move to 
either side by the action of 

electric currents passed in either a 

direction through coils of wire 
surrounding magnetic needles. 

And I have discovered that 
signals can be exhibited in ^ ~ 

electric telegraphs by motions £ 

produced by electric currents 
in strips of metallic leaf, suit- 
ably placed, in a very cheap 
form of signal apparatus, re- 
sembling a gold-leaf galvano- 
meter. 

“ The drawing hereunto ah- ’ 

nexed represents a signal appa- ' 

ratus, consisting of a glass tube, a, fitted in brass caps, a, a. 



n 







A 
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at top and bottom, and having a strip of metallic leaf, b, 
(gold leaf being the kind of metallic leaf which I usually em- 

Fig. 1. — Gold-leaf Telegraph for one line-wire, with code table shown on 

dial. 




ploy,) passing through its centre, loosely hung, in metallic 
contact with the said caps ; the upper extremity of the metal- 
lic leaf being fixed at right angles to its lower end, so that the 
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metallic leaf, from whatever direction seen, will present at 
some part its flat surface to the eye. The caps, a, a, (which 
are moveable, in order that the metallic leaf may be replaced, 
if broken,) are placed in a circuit suitable for electro-telegraphic 
communication. 

“ Near to the metallic leaf (as on the outside of the glass) 
is placed either of the poles of a magnet, c. And the eifect of 
this arrangement is, that when a current of voltaic electricity 
is caused to ])ass through the circuit, and, therefore, also 
through the metallic leaf, b, included in it, the metallic leaf is 
deflected to one side or the other, according to the direction of 
the current. And the distinct motions so obtained may be 
repeated and combined, and used for the purpose of desig- 
nating letters or figures, or other conventional signals. 

“ One of the above-mentioned signal apparatuses is placed 
at each terminus of telegraphic communication, and others 
may be placed at intermediate points. 

“Each terminus, and also each intermediate station, is pro- 
vided with a voltaic battery and with one of the key-boards in 
use in single magnetic- needle electric telegrajths. The person 
in charge of the telegraph at either terminus, or at any inter- 
mediate station, produces the requisite connections for causing 
an electric current to pass in either direction through the 
circuit, and, therefore, through the metallic leaf of the signal 
apparatus of each terminal or intermediate station, and thus 
cause the metallic leaf of all the signal apparatuses to move 
simultaneously to either side, so as to give the required signal 
or signals. 

“ The key-board of each terminal or intermediate station 
has a handle, by moving which the person in charge of the 
telegraph at any station can cause an electric current to pass 
through a circuit in connection with a system of alarums at the 
terminal and intermediate stations, similar to those in use in 
magnetic-needle electric telegraphs.” 

The next patent was taken out in January, 1848, by Messrs. 
H. and £. Uighton. 
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To the inventions contained in this patent, the author 
devoted a great amount of labour, money, and time. 

The author was acting as Telegraphic Engineer to the Lon- 
don and North Western Railway Company, and was pressed 
by that Company to invent a set of electric telegraphs free 
from the objections and defects inherent to most telegraphs then 
in use, and free also from any of the then existing patents. 

Every telegraph proposed or executed, cither at home or 
abroad, was minutely investigated, and their defects studied 
with the greatest care. Neither time nor money was spared 
to accomplish the objects desired. 

The result was a series of inventions of great variety and 
extent. 

For these inventions, the patentees received from the hands 
of His Royal Highness Prince Albert, as President of the So- 
ciety of Arts, the greatest honour the Society has the power to 
bestow, viz. their Large Gold Medal. 

Several of the plans were immediately adopted on the Lon- 
don and North Western Railway, in preference to those of the 
old Electric Telegraph Company, who then possessed a great 
■number of patents. The telegraphs gave the greatest satis- 
faction, and have been in constant daily use ever since. 

But to enumerate the principal features only of the in- 
ventions in this patent — 

The horse-shoe magnet was suited to coils, and found to be 
much superior to the old straight magnetic needle and coil of 
Messrs. Cooke and Wheatstone. 

In step-by-step motion telegraphs a means was provided for 
causing the pointer or disc at once to progress by one bound 
to zero on the starting-point. 

The maximum work capable of being produced by any 
number of lines was taken advantage of, and thus three wires 
were made to produce 2G primary signals, and so to show 
instantly any desired letter of the alphabet. 

Under Ampere’s plan, 2G wires must have been used, and 
tinder Cooke and Wheatstone’s patent 6 wires. 
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Suitable keys were devised for sending currents of electricity 
over three wires in the 26 orders of variation. 

Direct-action printing telegraphs were devised, so that a 
single touch of one out of 26 keys caused instantly any desired 
one out of 26 letters or symbols to be printed. 

The insulation of wires was improved, and many other im- 
provements relating to electric telegraphs effected. 

The following diagrams show some of the telegraphs 
constructed under this Fig- a. Fig. c. 
patent. 

Figs. A, B, and c, show 
one form of the arrange- 
ment and p.arts of the 
horse -shoe magnet and 
coil, as arranged under 
this patent. 

Fig. D is another form. 

— In this the coil is circular. 

The advantage of the horse-shoe magnet over the straight 
magnet or magnetic needle of Professor Wheatstone may be 
thus stated : When a coil surrounds a straight magnetic 
needle, as used by ^Icssrs. Cooke and Wheatstone, eacA 
convolution of the wire has to pass fiace over the central or 
r/effrf part of the magnet ; whereas, if the horse-shoe magnet 
be employed, there is ivire only where there is magnetism in 
the magnet to he acted on. This latter arrangement there- 
fore enables all superfluous resi.stancc in the eircuit to be dis- 
pensed with ; and hence the same amount of electric power is 
enabled to produce a far greater effect on the distant tele- 
graphic instruments, or less power to produce an erptal effect. 
Currents of electricity from secondary batteries were to be em- 
ployed where great mechanical effects were desired at the dis- 
tant station. An instrument was devised for this purpose, 
which was called a Peraenode. 

The next patent was taken out by the author on the 7th 
February, 1850. 
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Fig. 2. — Single-pointer Telegraph for one line-wire, with code shown 
on dial. The pointer is moved to the right or left by the horse-shoe 
magnet and coil. 



The patent contiuns a great many improvements in different 
classes of telegraphs. A few only of the principal features 
will be alluded to here. 

The first part refers to modes of arranging electric circuits. 
Means of employing electricity of different degrees of tension 
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Fig. 3. — Double-pointer Telegraph for two line-wires, with code table. 



and of different periods of duration are also shown, so that two 
kinds of electric apparatus may be connected to one line-wire, 
and one only worked, as desired. By this means one of the 
wires usually employed was rendered unnecessarj'. Other 
improvements relating to the dials arc also made. 

A new mode of causing motion in soft iron, by temporarily 
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I'ig. 4. — Revolving Pointer Telegraph with double -action escapement 
for cither one or two line-wires, the pointer being able to progress from 
letter to letter, or to pass by one bound from any letter the whole 
distance up to zero. 



magnetizing it by tlie contiguity of a powerful magnet, is 
described, which promises to be of great value in electric tele- 
graphs, ashy the employment of this apparatus any demagnet- 
ization of the magnets in thunder-storms is entirely obviated, 
and tbe coils of wire are made to give out more power. 

Pendulous or vibrating bodies in step-by-step motion tele- 
graphs are introduced in order that a definite period of time 
may elapse between each successive current of electricity ; and 
these same bodies are caused to make and break tbe circuit, 
so that no second current can be transmitted till all tbe instru- 
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Fig. 5. — Kevolying Disc Telegraph with new double-action escapement for 
either one or two line-wires. 

ments in a series have completed the work due to the prior 
current. In this way all overrunning or lagging behind of one 
instrument, as before described, is entirely obviated. 

Another important improvement consists in the batteries. 
Batteries, as therein described, require not the slightest atten- 
tion for months together, and many are now employed in doing 

E 
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Fig. 6. — Direct Letter-showing Telegraph for three line-wires. 

N.B. — In this instrument the desired letters are brought instantly into 
•view in the centre of the dial by means of three moveable screens, a, b, 
and c. 
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the most severe work on the London and North 'Western 
Railway, which are never touched from periods of from three 
to twelve months at a time, and yet give out, whenever re- 
quired, a constant and equable flow of the electric power. 

This is accomplished by the substitution of a solution of the 
sulphates of the earths 
instead of sulphuric acid. 

A further improvement 
consists in the forma- 
tion of telegraphic posts, 
whereby those of the 
best foreign timber may 
be constructed at one- 
half the former cost. 

Many other improve- 
ments are described, 
which it would be tedi- 
ous to enumerate, and Fig. 7. — Telegraph for printing the 
which can only be pro- letters of the alphabet, to be used with 
perly understood by a line-wire, 
reference to the Specification. 




Fig. 8. — Printing Telegraph suited for either one, two, or three bne- 
wires, according to the rapidity of transmission desired. In this telegraph 
the letters are printed by one touch of a key when three wires are used. 

The next patent was taken out by the author in September, 
1850. 

This patent relates to Submarine Telegraphs. The in- 
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sulated wires are protected by being placed in the centre of 
a cable of wire-rope, or within strands of wire. Owing to 
the expense of patents in England as compared with their 
cost in France, and as it did not appear to the author that 
this arrangement of protecting the wire would be required in 
England, excepting between England and France, and England 
and Ireland, the patent was taken out for France, Ireland, 
and Scotland only, instead of for England as well. 

For details of these several patents the reader is referred to 
the Specifications. 

An Act of Parliament 
was obtained in 1850 for 
the incorporation of a 
Company under the 
title of ‘The British 
Electric Telegraph 
Company,’ for the ex- 
press purpose of working 
and bringing into more 
general use the tele- 
graphs of Messrs. Iligh- 
ton. 

The Printing Tele- 
graphs of Messrs. High- 
ton have not as yet been 
used for commercial pur- 
poses, as the wires of the 
British are only now in 
process of being laid 
down. 



A brief extract from 
the Specification of the 
Telegraphic Wire - rope 
may not prove unin- 
teresting. 




of the alphabet, and suited to either one, 
two, or three line-wires. In this tele- 
graph the letters are printed by one 
touch of a key. 
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Extract from the Specification of the Patent granted to Edward 
Highton, Civil Engineer, of Clarence Villa, Gloucester 
Road, Regent’s Park, London, for Improvements in 
Electric Telegraphs. Dated September 21, 1850. 

“ My present improvement relates to the manner of protect- 
ing and using insulated telegraphic wires. 

“The wires for electro-telegraphic purposes, when buried 
in the ground, or through the sea or rivers, or attached to the 
walls of tunnels, &c., have generally been insulated with gutta 
percha, caoutchouc, shell-lac, pitch, and tar, or other resinous 
substances, and covered with a leaden or other flexible metallic 
tube, or have been placed in an iron tube or porcelain tube ; 
such leaden flexible tube, or iron tube, or porcelain tube, being 
principally used for the purpose of protecting the insulated 
wires from mechanical injury. 

» My improvement consists in surrounding the insulated 
wires or strands of wire, by putting them iii the middle of a 
wire-rope, so that the insulated wires may be surrounded with 
a flexible covering of iron, or galvanized iron or brass, or other 
hard wire, or small rods of such materials. 

“In most cases it is usual in making a wire-rope to place a 
hempen core in the middle, round which the wires or strands 
of wires are made to run in spiral curves. 

“ If, then, instead of such hempen core, a wire or wires 
properly insulated by gutta percha or other insulating mate- 
rial, and, if desired, covered also with a leaden tube, or other 
flexible metallic tube, or wound round with hemp, coir, or 
rope, be used instead of such hempen core, — then when the 
wires forming the wire-rope are twisted round such insulated 
wires, a wire-rope will be formed, having in the middle for a 
core one or more insulated w'ires, as the case may be, and 
these insulated wires will thus be protected from mechanical 
injury by such coating of wire-rope or outer wires, and consi- 
derable flexibility will also be attained, and the insulated wires 
will thus be made better able to resist also any lateral or lon- 
gitudinal strains to which they may be subjected. 
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“I do not deem it necessary to describe the modes of mak- 
ing wire-ropes, as they are now so well known, nor of enclosing 
therein a hempen core. My improvement, it will be observed, 
consists in the substitution of an insulated wire or wires for the 
hempen core usually employed in the manufacture of wire- 
ropes, so that the same may be used for electro-telegraphic 
purposes, and in the employment, during the manufacture of 
such wire-rope, of such central core of insulated wires. 

“ Instead of the wire-rope being made circular, a flat wire- 
rope or band may be used, and then by doubling the same 
over the insulated wires, so as to enclose them therein ; and 
by fastenmg the rope so doubled over in such position by 
hoops, bands, or ties, or other convenient means, another form 
of flexible and strong covering may be given to insulated wires ; 
and possessing also this advantage, viz., by removing the bands 
or ties, the insulated wires may at any time be exposed, and 
any repairs done to them. 

“Such insulated wires, when so protected from external 
injury, may be used for laying down through the sea or rivers, 
or under the earth, or for attacliing to the sides of walls, or 
they may be suspended in the air. 

“ In all the above cases, I prefer saturating the rope with a 
mixture of pitch and tar, or marine glue, or such like sub- 
stance, either during its manufacture or after it is completed, 
or at both stages of its condition.” 

Another patent for further improvements in electric tele- 
graphs has been taken out by the author, the Specification of 
which falls due in July, 1852. 

nott’s telegraph. 

On the 20th of January, 1846, Mr. John Nott took out a 
patent for a particular description of an electric telegraph. 

In this instrument an electro-magnet of iron acting on an 
armature causes a pallet (which is so set as to catch into the 
teeth of a wheel) to force the wheel forward one tooth on the 
sending of each current of electricity. By the sending of cur- 
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rents of electricity at small intervals of time, the wheel and 
pointer attached to it may thus be worked round to any desired 
point on a dial. 

Letters were engraved on this dial, and thus any letter 
might be pointed out by the hand being allowed to rest at such 
letter for a short period of time. 

This telegraph was tried for five miles on the London and 
North Western Railway. The old Electric Telegraph Com- 
pany brought an action against the owners of the patent for a 
supposed infringement of some of their patents. The matter, 
however, was compromised by the Company purchasing cer- 

rig. 1. 
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tain shares in the patent, and taking into their own establish- 
ment certain parties connected with the patent. 

The proceedings before the Court of Chancery were very 
interesting to parties conversant with electricity, and numerous 
affidavits by men of the highest standing in science were made 
on the oceasion. 

This telegraph, although at work for some time between 
Northampton and Blisworth, is now no longer in use. 

Fi<r. 1 shows the front of one of Nott’s instruments. 

Fig. 2. 



Fis. 2 shows the interior, a and n are electro-magnets with 
armatures c and d, working on centres J and k ; E is a ratchet- 
wheel in which pallets F and f work. 
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In this ratchet-wheel the hand shown on the dial in fig. 2 is 
attached. As the armatures c and d are attracted to the elec- 
tro-magnets A and B, the wheel e is forced forward one tooth, 
and the hand progresses from one letter to the next. A simi- 
lar movement occurs when the current ceases, the armatures 
being forced back by the springs s and s. In this way the 
hand may be brought successively opposite to any desired 
letters, x is an electro-magnet for sounding the alarum 
before a communication is made. 

Poole’s patent. 

A patent was granted on the 14 th of December, 184C, to 
Moses Poole. 

Who the real inventor was does not appear, as the patent 
was taken out in this country as a communication from a 
foreigner abroad. 

The object of this patent seems to have been twofold — the 
one to improve on the many detailed parts of an electric tele- 
graph, and the other to obtain telegraphs free from the jiatents 
of Messrs. Cooke and Wheatstone. 

The Specification is very long and tedious, and any descrip- 
tion here of each part would entail the necessity of very 
lengthy remarks, and would far exceed the limits allowed in 
this treatise. 

There is one novel point, however, which is worthy of 
remark, and that is, that the metaUnickel is proposed as a sub- 
stitute for soft iron in electro-magnets. The author had him- 
self, a short time after this patent was taken out, the particu- 
lars of which were unknown to him at the time, found from a 
very extensive set of experiments, conducted for the London 
and North Western Railway Company on various metals, that 
nickel might be so employed, and he gave instructions for a 
patent to be taken out for the same in this kingdom ; but on 
learning that a patent had already been secured for that jjur- 
pose, he at once arranged for the sole use thereof in Great 
Britain. 

E 5 
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The metal nickel has now long been used by the author in 
his telegraphs on the London and Northwestern llailway, and 
with considerable success. 

The patent refers also to improvements in insulators, in 
wires, in magnets, in keys for transmitting currents of elec- 
tricity, in dials, in magneto-machines, — in short, to most of the 
detailed parts of an electric telegraph, — but no new principle 
seemed to be contained in this very long Specification. 

BRETT AND LITTLe’s TELEGRAPH. 

This patent was taken out by Alfred Brett and George 
Little, and is dated 11th February, 1847. 

The Specification is a very long one. 

In telegraphs under this patent a flat metallic partially mag- 
netized ring was used instead of the magnetic needle. A suit- 
able coil was attached, by which the magnetic ring could be 
moved to the right or left. 

This ring, moving to the right, acted on one pointer, while its 
motion to the left acted on another pointer ; by the single and 
combined motions of these two pointers the desired letters and 
symbols were denoted. 

The Specification describes many forms of this arrangement, 
and also a new kind of key or handle apparatus for transmitting 
the necessary currents of electricity. An alarum was also set 
free by the motion of this ring. 

The Specification also describes an arrangement of lightning 
conductor, — a mode of insulating wires, — a new arrangement 
of galvanic battery, in which the exhausted liquid was allowed 
to run out from the cells and fresh liquid to drop in. An 
arrangement for the adoption of the magnetic ring to electric 
clocks is also given. 

Instruments under this patent have been used in England 
for railway purposes. 

The old Electric Telegraph Company, conceiving that the 
way in which the telegraphs of Messrs. Brett and Little were 
put up were infringements of their plans, took legal proceed- 
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ings against the patentees. On certain points an adverse 
decision was come to as regards the defendants, and arrange- 
ments were afterwards made with the Telegraph Company. 

HENLEY AND FORSTEr’s TELEGRAPH. 

In 1848 a patent was taken out hy Messrs. Forster and 
Henley, for the following kind of electric telegraph : — 

Between the poles of an electro-magnet a magnetic needle is 
placed, moveable on an axle ; to this axle a pointer is affixed ; a 
stop is placed, so that the magnetic needle has motion only on 
one side from its normal point of rest : when a current of elec- 
tricity in one direction is sent round the electro-magnet, the 
magnetic needle is attracted thereby, and moves from its nor- 
mal stop to another placed to limit its motion. Instead of the 
needle returning to its stop when the current ceases, the in- 
ductive influence of the magnetic needle on the electro-magnet 
causes the magnetle needle to remain in that new position 
until a current of electricity is sent in the contrary direction ; 
and then the magnetic needle is moved from that position to 
its original position of rest. It thus remains at that stop till 
another current in the original direction is transmitted. By 
having two line-wires, and two magnetic needles and electro- 
magnets, and two pointers, the combination of the motions of 
' the pointers represents the letters of the alphabet. 

The electricity produced is from the magneto-machine, as 
was used by Steinheil in 1837. 



Fig. 1. 
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An Act of Parliament has been obtained to incorporate a 
Company under the name of the ‘ Magnetic Telegraph Com- 
pany,’ for the purpose of working this form of telegraph. 

The preceding diagram will explain the arrangement — 

Fia:. 1 shows the interior of the instrument. 

O 

Fig. 2 shows the instrument complete in its case. 

Fig. 2. 



In fig. 3, N s represents the magnetic needle, and a c and 



Fig. 3. 



BD the horns of the electro- magnet. 
On pressing down the lever the ends of 
the armature change place with respect 
to the poles of the magnet. This pro- 
duces a current of electricity in the 
armature, and through the circuit, 
which, passing round the wire on the 
electro - magnet, causes it to become 
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magnetic, and thus moves the magnet n s, say into the 
position shown in the diagram. While the handle is kept 
down, although no electricity is passing, the needle is kept 
deflected by the induced magnetism in the horns. On 
allowing the lever to return by the force of the spring on the 
base, the ends of the armatures and magnets again change 
places, and a current of electricity is produced in the opposite 
direction, which entirely neutralizes the induced magnetism, 
and then reverses the poles of the electro-magnet, bringing 
the needle to the opposite side. 

The author is sorry that the limits allowed forbid his de- 
scribing the several inventions of Messrs. Barlow, Bnkewell, 
Jacob Brett, Brown, Clarke, Bering, Dngardin, Hatcher, 
Little, Mapple, Pulvernachi, Ricardo, Reid, Ward, Williams, 
and others. 

Several patents have also lately been applied for ; the par- 
ticulars of these inventions, however, are as yet unknown. 

For a description of the improvements of these parties, some 
of which relate only to one part of a telegraph, such as the 
wires for instance, the author must refer those who wish for 
more detailed information thereon to the Specifications them- 
selves, as enrolled in the Court of Chancery. 

An abstract, more or less complete, of some of them, may 
be found in various periodicals about the dates of those 
patents. 

W^ith the above brief description of the principal features 
of a few of the patents taken out for improvemenfs in electric 
telegraphs, it is proposed to leave this part of the siibject. 

It must be understood that although throughout the whole 
of that description the word improvements has been frequently 
used, it is merely employed in the patent sense of the word 
and this often means nothing more than another mode of 
accomplishing a certain known end than that which had bceu 
preAiously proposed or carried out by others. 
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LAW OF THE TRANSMISSION OF THE ELECTRIC 
CURRENT. 

Tlie following mathematical formula expresses the force de- 
veloped in every part of the circuit by the agency of the gal- 
vanic battery : viz. 

F = — 

M D 11 I r 

S « 

Where E = electro-motive force : 
n = number of plates : 

D = distance of plates : 

11, = specific resistance of fluid : 
s = section of wire : 

S = area of plates : 

I = length of circuit : 
r = specific resistance of wire : 
and F = the force developed, or, which is the same 
thing, its equivalent ; viz. the resistance offered to the 
passage of the electric current. 

It is evident, therefore, that in order to obtain a maximum 
amount of work with the least possible expenditure of power, 
the coils of the instruments, the number of cells, the distance 
of the plates, and the resistance of the fluid, ought, on every 
line of telegraph, to be suited to each other and to the length 
of the circuit. 

Every form and arrangement of battery has a resistance and 
power peculiar to itself, and as the relation of that force to the 
resistance of a certain standard unit of wire can only be ob- 
tained by direct experiment, and as one person prefers for a 
telegraph one kind of battery and another person another 
kind, it would be hardly worth while to give here a detailed 
account of the experiments made by the author on certain par- 
ticular batteries. It may be well, however, to notice, that in 
the measurement and comparison of resistances, the author 
has always used, and was the first to use, as a standard 
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unit of resistance, a mile of No. 8 galvanized iron wire, this 
being the same as that almost invariably used for telegraphs 
when the wires are suspended in the air. 

Great facilities are afforded by this standard unit of resist- 
ance, in adjusting the batteries and coils to the resistance of 
the line-wire, and to the number of coils included in the 
circuit. 

The unit used is termed ‘a mile of resistance.’ 

Thus many of the coils of the instruments of Messrs. Ck)oke 
and Wheatstone were found to have a resistance to the passage 
of the electric power equivalent to twenty-one miles. By using 
the horse- shoe magnet and coil, as patented by the author in 
1 848, this resistance in the circuit was reduced in one instance, 
where four stations were in the circuit, to four miles, and in 
others to two and a half miles. 

The resistance however in the gold leaf of the Rev. H. High- 
ton has been variously calculated at from one-third to one 
mile only. 

To those well conversant with the practical working of the 
telegraph, where bad insulation is unavoidable, the importance 
of having a small resistance in the channel laid for the current 
is too well known to need further remark. 

atmospheric disturbances of the electric tele- 
graph, WITH a description OF THE MEANS OF 
PREVENTING DAMAGE TO THE INSTRUMENTS. 

One of the great disturbers of the electric telegraph is to be 
found in the action of lightning. More damage is often done 
to the telegraph in a second by a single thunder-storm, than 
by all the mischievous acts of malicious persons in a whole 
year. Not only are the magnets demagnetized, but even the 
coils of wire in the instruments are often fused. In some dis- 
tricts, strips of brass a quarter of an inch wide have been 
melted by its action. 

Indeed, it is but natural to suppose that if the small currents 



Digitized by Google 




112 



ATMOSPHERIC DISTURBANCES 



of electricity produced by the galvanic battery produce so 
marvellous an effect on a magnetic body when surrounded hy 
coils of wire at a distant station, those powerful discharges of 
the electric fluid from the clouds, which in their descent burst 
asunder the steeples of churches, and set houses, trees, and 
haystacks on fire, should produce disastrous effects on the 
delicate instruments of the electric telegraph, when the charge 
happens to be intercepted by the wires of the telegraph, and 
to be conveyed by them to the telegraphic instruments at a 
station. 

An extract from a Paper “ On the Effects of Atmospheric 
Electricity, as exemplified in the storms of the summer of 
1846,” written by the author of this article, and read before 
the Society of Arts in 1846, will show the disastrous effects 
of lightning on the electric telegraph. 

“Having thus far given in detail the course, action, and 
effects of several heavy discharges of atmospheric electricity 
during the past summer, I will now proceed with observations 
on the effects produced on one of the telegraphs under my 
charge, viz. from Wolverton to Peterborough, a distance of 
nearly 60 miles. In this case, the instances of disturbance 
and damage have been too numerous to particularize. Suffice 
it to say, that I have had the posts struck by lightning and 
split in twain. I have had parts of the instruments in the 
stations, and especially the fine coils of wire, melted by the 
lightning. I have had the needles demagnetized, or their 
polarity reversed — the bells of the telegraph have been rung 
hy the lightning, and permanent magnetism produced in the 
electro-magnets ; and all this probably in a few hours, and at 
many stations also at the same moment. Now, however, 
damage by lightning to the telegraph we fear not. Acting on 
the principle of the division of the charge, and the peculiarities 
of high-tension electricity as compared with low-tension, we 
are enabled to extract from the wires nearly all the lightning 
before it enters an instrument or a station, and to send it 
quietly to the earth, and, in fact, to deal with it as we would 
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with the water from the roof of a house, viz. to conduct 
it where we will. Now, we no longer fear it ; for, under the 
practised hand of science, the lightning itself becomes as 
tractable as as the power of gravity. 

“ Another example of the action of lightning, that I had the 
opportunity of examining in the last summer, was a discharge 
at the Oundle station of the Peterborough branch. The 
lightning in this case seems to have divided itself over three 
paths. A portion passed by the leaden gutters of the roof of 
the station to a tank of water, and thence, by the leaden 
pipes, to the ground. The tank was of wood, and lined with 
lead. Immediately underneath it was a gas-pipe, supported 
by a hook, which was driven into the wood of the tank. The 
end of this hook all but touched the lead of the tank. The 
lightning seems to have passed from the tank to this hook, 
and thence to the gas-pipe and by it to the earth. By the side of 
this hook was a small air-hole in the gas-pipe, out of whieh 
there was at the time a slight escape of gas. The lightning 
ignited this jet of gas, and the bottom of the wooden tank was 
consequently set on fire. If the fire had happened in another 
part of the station, and had not been discovered in time, 
serious consequences might have followed. 

“ Another portion of the lightning passed through the tele- 
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graph instrument at the station, fusing some of the metal- 
work therein. It thence proceeded by the telegraph wires to 
the ground at the next station, Thrapston, a distance of more 
than eight miles. At this station also considerable damage 
was done to the telegraph instrument ; several of the wires, 
and some of the metal-work, were fused (see figs. 1, 2, and 3). 

“Fiff. 1. Top view of part of the telegraph apparatus 
at the Oundle Station of the Loudon and North Western 
Railway. The strips of brass G and h were in metallic 
communication with the wires on the line. The strip k was 
in communication with the ground at Oundle. The strips 
G and H were separated from k by an interval of about 
.f'oth of an inch. A flash of lightning was intercepted by the 
wires ou the line, and conveyed to this point ; but, although 
the strips G and h had metallic communication with the 
earth at Thrapston and Peterborough, yet the resistance 
offered to the discharge along these directions was such as to 
cause a large portion of the electric fluid to shoot through the 
interval between g k and h k, and to fuse the metals, and 
produce the effects shown at g, h, i, and k. The upper 
bridge-strip i, k and the portion of h under it have both 
been melted, and are now firmly united together by the molten 
metal. The strip g had its surface fused, and the strip i was 
melted also. The wood is scorched from u to m. There is 
also a melted spot at n, on which another portion of the 
apparatus rested. 

“Fig. 2. Front view of one of the coils of the telegraph 
instrument at the Thrapston Station of the London and 
North Western Railway. 

“This coil was burnt and fused on the 1st of August, 1846, 
by the same flash of lightning which damaged the apparatus 
shown in fig. 1, although it was more than eight miles distant 
therefrom ! The lightning was conveyed along the wires of the 
telegraph. The small wires in this coil were fused together, 
and the silk and cotton burnt off, as shown at l and m. 

“Fig. 3. Back view of the other coil in the telegraph 
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instrument at the Thrapston Station. Damage similar 
to that in fig. 2 will be observed at n and o. The fine 
wires were all melted together, and the silk and cotton 
burnt off. 

“ In this case, then, we can clearly trace many of the pro- 
perties of lightning, viz. the division of the charge, — the 
firing of a mixture of hydrogen and oxygen gases, the fusing 
of small pieces of metals in its course, and the demagnetiza- 
tion of magnetic needles.” 

These disastrous effects are now entirely obviated. The 
plan pursued by the author is as follows : A portion of the 

wire circuit, say for six or eight inches, is enveloped in bibu- 
lous paper or silk, and a mass of metallic filings in connexion 
with the earth is made to surround such covering. This 
arrangement is placed on each side of a telegraph instrument 
at a station. When a flash of lightning happens to he 
intercepted by the wires of the telegraph, the myriads of in- 
finitesimally fine points of metal in the filings surrounding the 
wire at a station, and having connexion with the earth, at 
once draw off nesirly the whole charge of lightning, and carry 
it safely to the earth. This arrangement at once prevents any 
damage to the telegraph instrument. Not a coil under the 
author’s charge has been fused where this plan has been 
adopted. The cheapest method is as follows : Line a small 

deal box, say six or twelve inches long, with a tin plate, and 
put this plate in connexion with the earth ; fill this box with 
iron filings, and then surround the wire (before it enters a 
telegraph instrument) with bibulous or blotting paper, as it 
runs through the centre of the box. All high-tension elec- 
tricity collected by the wires will at once dart through the air 
in the bibulous paper to the myriads of points in the iron 
filings, and thence direct to the earth, and thus the telegraph 
instrument will be rendered incapable of being damaged even 
during the most fearful thunder-storms that may occur. 
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REaUIREMENTS FOR AN ELECTRIC TELEGRAPH. 

The first thing requisite for an electric telegraph is to have 
a conductor of electricity stretching from one station to another 
between which communications are desired to be transmitted. 
Such conductor should be of metal, inasmuch as metals are the 
best conductors of electricity. 

Although copper is a much better conductor than iron, yet 
when the wires are suspended in the air, iron wire is now almost 
universally employed in preference to copper, owing to its 
possessing far greater strength than copper, and being at the 
same time much cheaper. 

The iron wire is generally coated with zinc in order to prevent 
its rusting. 

When rain first falls on the zinc covering, an oxide of zinc 
is formed, and this oxide being insoluble in water, a second 
fall of rain cannot dissolve or penetrate it. The zinc covering 
and the iron wire inside are thus prevented from rusting away. 
Where the distance between the supports for the wire is very 
great, as in the crossing of broad rivers, steel wire is employed 
instead of iron. 

The next requirement is, that the wire shall be effectually 
insulated from the earth, except only at its two extremes. At 
each of these extremes the wire is metallically united to a mass of 
metal or coke which is buried in the earth, so that the current 
may be conducted into the earth at those extremes, and then, 
by traversing the earth, complete the circuit. 

At every point between these two extremes the wire must 
be well insulated from the earth. For such purpose it is 
necessary to interpose between the wire and the earth a non- 
conducting substance. Glass, porcelain, gutta percha, or 
other resinous substances, are usually employed. 

Parties differ in opinion as to which substance is the best. 
Some prefer porcelain, and others gutta percha. Where glass 
tubes have been used for the wires to pass through, it is found 
that strong shocks of electricity crack the tubes of glass just 
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as if they had been cut with a diamond. They are now, there- 
fore, seldom or never used, and porcelain and gutta percha are 
alone employed. 

Telegraphists differ also as to the best form to he employed 
when these materials are used. Some employ them in the 
form of tubes, and others in the shape of umbrellas. Each 
plan has its merits and its defects ; the one form being better 
for some kinds of weather, and the other for other kinds. 
The author prefers a combination of both ; but this is not 
requisite, unless the line of telegraph is an e.vtremely long one. 
Either plan will answer for short lengths. Where very excel- 
lent insulation is required, the author prefers surrounding the 
wire with insulating material for a considerable distanee on each 
side of every support. Where iron wires, covered with zinc 
(being technically termed galvanized), are in the neighbourhood 
of large towns where great quantities of coal are daily burned, 
the sulphurous vapours arising from such fuel, and passing 
over the oxide of zinc covering formed on the wires, convert 
such oxide into a sulphate of zinc when the same is covered 
with moisture. This sulphate of zinc being soluble in water 
is immediately melted by the rain, and drops off with it. The 
wire is thus denuded of its insoluble covering, and soon melts 
away. 

The author has had galvanized iron wires reduced from a 
diameter of an eighth of an inch down to the diameter of a 
common sewing-needle in less than two years. 

In such cases it is necessary to protect the wires by a cover- 
ing of varnish or paint, in order to prevent the contact of these 
vapours with the wire, or to employ wires entirely encased in 
gutta percha. 

The wires being thus insulated from end to end, the next 
requirement is a good galvanic battery, or other means of 
producing electricity. When galvanic batteries are used, the 
best kind to employ depends entirely upon the nature of the 
work to be performed by its power. If it has only to move a 
magnetic needle surrounded by a coil of wire, the simplest 
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arrangement of battery is required, such as one composed of 
cells containing plates of copper and zinc immersed in a solution 
of sulphuric acid or of the sulphate of alumina. If, on the 
other hand, the current is required to perform powerful 
mechanical effects at a distant station, galvanic batteries of a 
stronger power are necessary, — such, for instance, as Daniell’s 
or Bunsen’s batteries. The former are generally used in Eng- 
land, and the latter, viz. Daniell’s or Bunsen’s, on the Conti- 
nent. This difference is needed owing to the different classes 
of telegraphic instruments employed. 



KEYS. 

The next requirement is a key or keys for sending the 
currents of electricity as desired. The mechanical arrange- 
ments of keys are very various. Some persons prefer them 
on one plan, and some on another. 

Where currents of electricity are required to he sent either 
positively or negatively, the author prefers for ease, rapidity, 
and simplicity of mechanism, the following plan, as shown in 
the annexed diagram and description. 



Highton’s Keys. 





B 




Hsm 


1 











L 



A and B are two keys of ebony or ivory working up and 
down by means of the spring-joints c d and e f. 

The two spring-joints c and e are metallically united to one 
pole of the battery, and d and f to the other pole. These 
spring-joints are prolonged under the keys a and b, and are 
connected respectively with the upright screw-pins or studs, 
G and H and i and k. 
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Underneath these keys is a moveable spring, l, pressing 
upwards and resting 
against the stud m. 

When the spring l is 
pressed away from the 
stud M, the spring l 
and stud m are insu- 
lated from each other. 

The severed ends 
of the telegraphic wire 
are to be metallically 
united with l and m. 

The action of the 
keys is as follows : 

On pressing down 
the key a, the spring 
L is thereby forced by 
the stud H away from 
the stud M, and the 
stud G then comes into 
metallic contact with 
M, while the stud h 
remains in contact 
with L. A current of electricity in one direction would thus 
pass over the line-wire. On pressing down the key b a 
current in an opposite direction would be similarly sent, as 
is evident. 

It will be observed that in the above keys the making and 
breaking of contact for sending either a positive or a negative 
current of electricity requires the use of only one moveable 
spring. 

It will also be observed that this arrangement of keys gives 
a maximum of simplicity, for there cannot be less than one 
moveable spring employed, and every additional sj)ring used 
would not only render the mechanism more complicated, but 
much more hable to derangement. On the perfect action of 
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every spring in the electric circuit depends the working of 
the telegraph. If one spring fail or become inactive, the 
whole telegraph from end to end is deranged. It is most 
desirable, therefore, that the number of springs in the circuit 
should be as few as possible. 



ALARUMS. 

We will now pass on to a description of the alarum to be 
employed for calling the attention of the distant attendant. 

Before sending a telegraphic communication, it is desirable to 
ring a bell for calling the attention of the attendant to the 
telegraphic instrument, especially where such person has other 
duties to perform than those of attending to the telegraph. 

This is accomplished by placing an electro-magnet, sur- 
rounded by coils of wire, in the circuit at such station. An 
armature is suspended in close proximity to the electro-magnet. 
This armature is attracted to the electro- magnet when a cur- 
rent of electricity is sent along the line-wire. 

By the motion of such armature, wound-up mechanism is 
liberated, and thereby allows a hammer to strike a bell. This 
calls the attention of the attendant to his telegraphic instru- 
ment. He then sends back a current of electricity, and 
thereby similarly rings a bell at the station at which the 
person is who desires to send the communication. This is 
to show that all is ready for receiving the message. 

Both parties then, by moving a sliding-bar of metal, remove 
from the circuit electro-magnets of their respective alarums, 
and leave only in the circuit the keys and the telegraphic 
instruments for sending and receiving the communication. 

The forms of alarums used for such purpose differ much in 
mechanical detail. It is thought well, however, to give ex- 
amples of two kinds only, viz. those of the latest invention : 
these are on two of the several plans patented by the author, 
and belonging to the British Electric Telegraph Company. 
The first (see alarum No. 1) is one which requires but a small 
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amount of electricity for liberating the mechanism, and is 
at the same time very perfect and certain in its action. 

An electro-magnet a a has an armature b working on an 
axle cc, to the other end of which is fixed an arm dd with 
projecting catch e. The arm f on axle G rests against the 
catch c, pressing with a very slight power, which is caused by 
the spring i fixed to the excentric h, which works on the axle g. 
The detent j of the wound-up mechanism rests on the ex- 
centric h. 

On an electric current being sent round the electro-magnet. 



Highton’s Alarum No. 1. 
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the armature b and catch-lever d e are moved. This allows 
the arm f to rotate upon its axle g, the motive power being 
the force of the spring i, which is so set that the power, before 
the arm is released, is only just sufficient to start it : the 
spring i, acting on the excentric principle, increases its power 
as the excentric rotates, and raises the detent J, and thus 
liberates the mechanism of the alarum, causing the hammer to 
strike against the bell. As the works of the alarum rotate, 
and with it the arm f, the end of the arm f is left under the 
catch e (which, on 
the cessation of the 
current, returns to its 
place of rest). The 
spring and excentric 
are stopped when in 
their former position, 
and there detained ; 
thus making the 
alarum ready for a 
second action. 

K is an arm which, 
at the required time, 
is pressed out by a 
projeetion or cam on 
the excentric plate, 
so as to meet the arm 
F, and break the force 
of its blow when re- 
turning to its ])lacc of 
rest against the catch 
e. Thus the arm f, 
on returning to the 
catch e, has its force 
broken, and has a 
momentum due only 
to its motion from the point where k catches it, to the point 
where it is stopped by the catch e. 
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The following plan (see No. 2) is used where it is thought 
desirable not to remove the alarums at all from the circuit, 
lest the attendants should neglect to replace them in the 
circuit when the communication is finished. 

This is accomplished by causing the currents of electricity 
of tony duration to sound the alarum, but currents of electri- 
city of short duration to be unable to do so. Thus currents 
of electricity of long duration sound the alarum, whereas 
currents of short duration are caused to make the signals 
necessary for the communication. This plan is quite new, 
and was only patented on the 28th of January, 1852. 

It is believed that the adoption of this principle will be found 
of great utihty in telegraphs for railway companies where many 
stations are embraced in the same circuit, for otherwise each 
attendant at every station in that circuit has to remove his 
alarum from the circuit before a message is transmitted between 
any one station and any other in that circuit, and to replace 
the same after sueh message is finished, unless the alarums are 
allowed to continue ringing during the whole period of the 
transmission of the communication, or unless an entirely 
distinct wire is set apart for the alarums. 

The following is the plan alluded to for accomplishing this 
object : 



DESCRIPTION OF THE ALARUM NO. 2. 

A A is an electro-magnet with armature n fixed on an axle 
E working on centres c c. d is an arm fixed to the a.xle e and 
having upon it a catch f. g is a wheel connected with the 
wound-up machinery. This wheel g is kept in a state of con- 
tinual revolution, u is a small axle fixed cxcentrically upon 
the wheel g. Upon this axle ii an arm or lever il is placed 
with a weight or hammer k at the end of it. This arm il is 
prolonged to l, so that when the electro-magnet a a attracts 
the armature n, the catch f would be interposed in the way of 
the end l of the arm il; but when the armature is not 
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attracted to the electro-magnet, the catch f does not interfere 
with the free motion of the arm i l. 




Alarum No. 2. 



The motion of the wheel g is so regulated by the motion of 
the wound-up mechanism that it is caused to revolve once in a 
given definite period of time , — say one, two, three, or more or 
less seconds. "When a current of electricity is caused to pass 
round the electro-magnet a a and to continue for a long period, 
the end l of the arm i l is intercepted in its free motion in 
each revolution by the catch f. The arm i l is then gradually 
thrown into an oblique position until it arrives in the position 
shown by the dotted lines m n, and it then escapes from the 
catch F. The hammer k being then at liberty to resume its 
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wonted position, seeks to do so by the action of gravity or of a 
spring, and by the accumulated momentum obtained in doing 
so, it passes by such wonted position and strikes against the 
bell o. Now if the current be not continued for a long period, 
but only for periods of short duration, such as are used in 
sending ordinary telegraphic communications, then the catch 
F being suddenly released from the end of the arm i l before 
the arm i l is thrown into the position shown by the dotted 



Top view of Highton’s Alarum No. 2. 




line M N, the weight k in resuming its wonted position does 
not acquire sufficient momentum to carry it over to the bell o. 
In this case the bell will not be struck, but in the former case 
it will. 

This arrangement therefore of an alarum will render it pos- 
sible to continue the electro-magnets of the alarums in the 
same circuit with the telegraphic instruments without ringing 
the bells, and without the necessity of removing the coils of 
the electro-magnets from the circuit when a telegraphic com- 
munication is being transmitted, or requiring another distinct 
wire for the alarums. But, nevertheless, the alarums may be 
sounded, whenever desired, by merely continuing the currents 
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of electricity for a longer period than that required for send- 
ing telegraphic communications by the indicator. 



INDICATING INSTRUMENT. 

We will pass on now to the telegraphic instruments em- 
ployed for reading off the communications transmitted. One 
of the simplest forms is that in which a magnet fastened to a 
moveable axle is acted upon by a coil of wire which forms part 
of the electric circuit. To this axle an indicator of any 
desired kind is affixed, which moves to the right or left along 
with the magnet, accordingly as the current is sent positively 
or negatively. 

By the number of these motions to the right or left, and of 
their combinations, the letters of the alphabet are denoted. 

Different telegraphists, although thej" employ the nuiDber of 
such motions to represent the letters, do not all use the same 
number of motions and of combinations of motions to desig- 
nate the same letters, but many employ different codes. The 
principle, however, is the same, and is one of the oldest plans 
used. 

Some parties use two needles with two wires, and employ 
the number of single and combined angular movements of 
such two magnets to denote the letters. 

Two wires, however, if used for two separate single indica- 
tor instruments, will, it is found in praetice, 
do more work than two wires combined 
with two magnets in one and the same 
instrument. 

The annexed drawing represents the 
most modern form of telegraphic instru- 
ment requiring but one line-wire, and hav- 
ing a disc with two letters thereon. The 
disc is moveable to the right or left, and 
when so moved, the stationary hands or 
indicators point out the letters thereon 
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■which are intended to be denoted. By a repetition of these 
movements the alphabet is formed. 



The Magnet. 





Side view (coil c removed). 



0 




Front view. 



In the above instrument the simple arrangement of keys 
before described is inserted. 

The magnet is of the horse-shoe form, and the axle passes 
through the middle of the magnet, and ib parallel to the limbs 
thereof. 

The magnet is enclosed in a coil which forms part of the 
electric circuit. 

In this arrangement of magnet and coil the electricity acts 
on both poles of the magnet at the same time. 

When it is required to send messages of great length, it is 
desirable to use a plan of telegraphic instrument which records 
the communication onjMper; or otherwise the eye would soon 
become wearied by watching the rapid movements of the disc, 
and mistakes would ine'vitably take place. 

Various plans have been proposed for such purpose, and 
several different arrangements are now in use. 

The simplest method appears to be that of causing an elec- 
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tro-magnet to stamp or cut a piece of paper, and to make 
thereon long or short marks aecordingly as the current is con- 
tinued for a long or short period. 

This is the plan almost universally adopted in America and 
on the Continent, but it has not as yet been practicrdly em- 
ployed in England. 

The British Electric Telegraph Company are about to em- 
ploy a modification of this aiTangement as the basis for the 
plans to be used for their heavy commercial work. 

They intend, for some kinds of intelligence, to use an 
arrangement by means of which a positive current of elec- 
tricity will make one mark on paper, and a negative current a 
different and dissimilar mark, according to the patented plans 
which they possess. 

In all cases they will use a secondary power for the pur- 
pose of so marking the paper, in order to supersede the neces- 
sity of the transmission of powerful electric currents along 
their liue-wires. 

In this way far less marks are required for forming letters 
or words. 



INSULATION. 

In the construetion of an electric telegraph the greatest 
possible care and attention should be paid to the insulation of 
the wires. 

It is impossible to insulate the wires too well. Defective 
insulation is a source of the greatest annoyance and disap- 
pointment. However accurately in mechanical detail the tele- 
graphic instruments at the stations are made, it is impossible 
that tliey can work well if the insulation is imperfect. 

IMuch, it is true, may be done by increasing the power of the 
galvanic batteries, but all this additional power is in itself an 
utter waste, if it is required to supply the defect of imperfect 
insulation. 

In such case the instrument nearest to the battery will work 
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powerfully, while the distant instrument, if it work at all, will 
only do so with great sluggishness. 

To obtain perfect insulation is impossible, as no substance 
has yet been discovered which is an absolutely perfect insula- 
tor. And again, when wires are suspended in the air, the 
occurrence of fogs, damp weather, rain, and showers of sleet 
deprive the wires of a great part of the insulation which they 
possess in dry weather. 

The mode therefore of insulation employed should possess 
the best antidotes to all the variations of weather. 

Where many wires are suspended on the same posts, defects 
arising from these causes are greatly multiplied. 

In America, where only one wire is used, injury arising 
from the above causes is not so detrimental ; but in England, 
where occasionally as many as 20 or more wires are placed on 
the same post, the action is most detrimental, and electricity, 
when intended to be transmitted along one wire only, often 
finds its way more or less into all the wires, and thus not only 
lessens the quantity intended to be transmitted to the distant 
instrument, but disarranges the instruments connected with all 
these other wires. 

Owing to this result of imperfect insulation it has been 
found impossible for weeks together to telegraph direct even 
between London and Liverpool, although the insulation has 
been changed several times in the course of the last few 
years. The only way in which the communication could be 
carried on was by means of sending the message to an inter- 
mediate station, and then by repeating it at such intermediate 
station, to forward it thence to Liverpool. 

The author hopes in the telegraphs he is now erecting to 
render any repetition unnecessarj', ,by adopting the following 
plan. 

Where many wires are required to be suspended on the 
same post or support, he proposes, first, to conduct the insu- 
lation to a considerable distance from the post, and secondly, 
to place between wire and wire a direct communication with 

F 5 
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tlie earth, so that any of the electricity transmitted, as it 
escapes from the wire, may be intercepted by this commu- 
nication w ith the earth, and so transmitted direct to the earth 
without the possibility of its entering an adjoining wire. 

In such case it w ill only be necessary in very great lengths 
of wire and in very adverse weather to increase the quantity 
of electricity transmitted, in order to make due allow'ance for 
the quantity that escapes at the points of the insulation. How- 
ever great such amount of electricity required may be, no 
portion thereof can reach the adjoining wire and thereby dis- 
arrange the telegraphic instruments connected with such other 
wires. 

COILS. 

With respect to the diameter and length of the wires to be 
employed in surrounding the electro-magnets, or the magnets 
to be used in the telegraphic instruments, these must be made 
to suit the particular length of the circuit and the size of the 
electro-magnets or permanent magnets employed, as well as 
the kind of galvanic battery and the number of cells therein 
intended to be used. 

Each telegraph will require a separate calculation, in which 
the resistance of the circuit and the battery itself will form an 
element. No precise rule therefore can be given, but the 
whole will depend on the proper solution of the equation as 
propounded by Professor Ohm, and given at page 110. The 
engineer who is acquainted with the laws of this science will 
find no difiiculty in the solution of the problem, whereas to 
the public, or to those ill-versed in the arcana of the science of 
electricity, it would be impossible to make the solving of this 
problem intelligible. 

QUANTITY OF ELF.CTRICITY TO BE USED FOR 
TELEGRAPHING. 

Many persons even well eouversant with the electric tele- 
graph have considered that the sole end to be obtained 
was to devise a telegraphic instrument in which the smallest 
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quantity of electricity possible should effectually produce the 
necessary signals ndthout making due provision for the action 
of atmospheric electricity. These persons seem to have entirely 
forgotten that in many states of the atmosphere strong currents 
of electricity pass between the clouds and the earth, and are 
intercepted by the extended wires of the telegraph. 

It is obvious in the case of the use of instruments thus 
unprotected, that these natural currents of electricity in their 
passage to the earth would be intercepted and collected by 
the telegraphic wires, and operate upon and disarrange the 
telegi'aphic instruments connected with such nires. 

It is evidently therefore not desirable that the telegraphic 
instruments should be constructed so as to work with an 
extremely small quantity of electricity, unless a perfect means 
be resorted to, to render harmless the effects of atmospheric 
electricity, for in such case every natural discharge would affect 
and disarrange the tclcgi-.-iph. 

On the other hand it is undesirable to employ a telegraphic 
instrument which rcrpiires the use of a very large amount of 
electricit}'. The telegraphic instruments should, therefore, be 
so constructed that the ordinary discharges of atmospheric 
electricity, as developed in fogs, or the action of the aurora 
borealis, should not be enabled to affect the same, nor yet heavy 
discharges of the electric fluid during the presence of thunder- 
storms ; and in this latter case, nearly the whole of the electric 
fluid intercepted by the wires may, before it reaches the instru- 
ments, be extracted therefrom by means of a proper construc- 
tion of lightning conductor, and the instrument thus made 
proof against all weathers. 

LIGHTNING CONDUCTORS. 

One of the best arrangements of a lightning conductor for 
such purpose consists in wrapping the line-wire, before it enters 
the telegraphic instrument, with silk or bibulous paper, and 
surrounding such covering with metallic filings placed in 
direct metallic communication with the earth. 
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By sucb arrangement nearly the whole quantity of electri- 
city intercepted by the wires from a flash of lightning is 
extracted by the myriads of fine points of the metallic filings 
surrounding the wire, and conveyed harmlessly into the 
ground, witliout in any degree deranging or damaging the 
coils or magnets of the telegraphic instruments. 

When the insulation is conducted upon the principles 
already described, and the length and size of the wire in the 
coils and the magnets employed are made in compliance with 
the above rules, and proper lightning conductors attached near 
to the instruments, the telegraph so constructed will cause a 
minimum quantity of electricity to perform a maximum amount 
of work, and the telegraphic instruments will at the same time 
be rendered incapable of being injuriously acted upon by extra- 
neous currents of electricity traversing the atmosphere through 
which the wires jiass. 

SUBTERRANEAN WIRES AS COMPARED WITH WIRES IN 

THE AIR. 

It may be said that much of the alleged damage likely to ensue 
from the action of natural currents of electricity passing through 
the atmosphere would be obviated by the use of wires buried 
in the earth ; but when it is found_ in the case of even a single 
line of telegraph in Prussia, that more than a hundred miles 
of wire which were buried in the earth (owing to their defective 
insulation, and the difficulty experienced and the time occu- 
pied in detecting the exact position of those defects, and in 
remedying the defects when discovered,) have been abandoned, 
and wires suspended on posts in their stead, the employment 
of subterranean wires for the sake merely of lessening the 
effects of atmospheric electricity cannot be recommended. 

And again, when we call to mind the great additional 
expense that must be incurred at the first outset, and the 
great difficulty and expense that must be encountered after- 
wards in submerging additional loires when the increasing 
wants of trade demand such additions, it would appear un- 
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wise, on the ]}resent unsatisfactory evidence on the subject, 
to pursue very extensively the plan of burjnng the wires in 
the earth in preference to their suspension in the air, unless 
money were of little or no importance, and the best possible 
insulation was demanded, whatever might be its cost. 



ON THE VELOCITY OF THE ELECTRIC CURRENT. 

The first persons who observed the great velocity of the 
electric current were Otto Guericke, Gray, and Wheeler. They 
believed that the velocity was all but infinite. 

The celebrated experiments of the Abb6 Nollet at Paris 
demonstrated the same faet. Nollet, in the presence of the 
French Court, passed a discharge of electricity at Paris through 
six hundred persons. Every person appeared to receive the 
shock at the same identical instant. 

On the 14th and 18th of July, 1/47, Dr. Watson passed a 
charge of electricity through a wire extending over Westminster 
Bridge at London, the return circuit being made by the water 
of the Thames. On the 14th of August, in the same year. 
Dr. Watson formed a circuit of two miles of wire and two 
miles of earth, and passed electric currents through this 
circuit. The period of time occupied by the passage of the 
power was apparently infinitely small ; the throwing in of the 
charge at the one end, and its re-appearance at the other, being 
sensibly at the same identical instant of time. It was reserved, 
however, for the illustrious Wheatstone to prove, by mechanical 
means, what the rate of the transmission of this power really 
was. 

By means of the child’s toy, viz. waving a piece of burnt 
stick in the air, it was known that if the velocity were very 
great, the luminous end of the stick presented the appearance 
of a ribbon of fire. A piece of burning wood was then fixed 
to a revolving axle. If the ignited end made a whole revolu- 
tion in the ^th of a second, it formed a complete circle or 
circumference of light ; if a less velocity were given to it, the 
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circumference would appear broken. This at once proved 
that the impression produced by light on the retina of the eye 
lasted for a period of about the -j^th of a second. 

This fact being borne in mind, a bright brass arm was sub- 
stituted for the ignited piece of wood, and the apparatus placed 
in the dark. This brass arm was, by means of mechanism, 
made to revolve with different velocities. A spark from an 
electrical machine or from a Leyden jar was then produced. 
The light of this discharge illumined the revolving arm of 
brass, but the duration of the spark was so short that, how- 
ever fast the arm revolved, it always appeared stationary. 
Now, if the spark had endured for even the -j^th part of a 
second, the arm would have been illumined the whole time, 
and it would thus have been rendered visible to the eye during 
that period, and have appeared as a plane surface. It was 
proved, however, by this experiment that the duration of 
the spark was not even the jtoouo ^^ P*^ri; of a second of 
time. 

Flying insects and the vibrating strings of musical instru- 
ments were subjected to the same test, yet each on being illu- 
minated by the electric spark appeared as perfectly stationary. 
Experiments were also similarly tried on jets or falling drops 
of water, yet the same result was invariably produced. 

It now became an object to ascertain how rapid the passage 
of electricity really was. 

A long circuit of wire was erected in the Adelaide Gallery, 
the middle thereof being intersected, and two brass knobs 
placed at their severed ends, and separated by a distance of 
about ^th of an inch. Two brass knobs were placed at the 
extremes also of this circuit, the one knob being ^th of an inch 
apart from a knob in metallic connection with the inside of a 
Leyden jar, and the other knob being about the same distance 
from a knob in metallic connection with the exterior coating 
of the same jar. 

The arrangement, therefore, was substantially the same as 
that shown in the annexed drawing. 
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Wire of half circnit. 
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Wire of half circuit. 
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On the discharge of the Leyden jar a spark would pass, as 
is evident, between a and b, c and 0, and e and f. 

Now, if these three sparks occurred at apparently the 
same instant of time, the passage of electricity between the 
inner and outer coatings would appear to be instantaneous. 

In order to ascertain whether this were so or not, mechani- 
cal arrangements had to be devised, for the unassisted eye 
could not decide with absolute certainty. 

The following was the mechanical arrangement employed 
for the purpose. A vertical mirror was fixed to an upright 
axle which was caused to revolve with very great rapidity in 
front of the knobs a b, c d, and e f. 

Now if the sparks passed between those knobs at identically 
the same instant ef time, all would appear in the revolving 

mirror in a vertical line, thus | . 

If, on the other hand, the spark between a and b preceded 
that between c and d, and the spark between c and d preceded 
that between e and f, their reflected images would appear 
thus if the mirror revolved from right to left ; and thus if 
the mirror revolved from left to right. On trying the experi- 
ment, however, it was found that the reflection of the sparks 

appeared thus i| if the mirror revolved from right to left, and 

thus Ji if it revolved from left to right. 

Tliis gave the following results, viz. 

First, that the electricity started from each coating of the 
jar at the same instant; 
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And secondly, that time was required for the electricity to 
travel to the middle of the circuit. 

It now became of immense importance to ascertain how long 
the period of time occupied by the passage of the electricity 
from one end of the circuit to the middle really was. On 
ascertaining the distance of the upper or under reflections with 
that of the middle reflection as measured horizontally, and com- 
paring that distance with the velocity of the motion of the 
mirror, the velocity of the electrie current was at once de- 
termined. 

It was thus proved that the current did not travel at a less 
speed than 200,000 miles a second — a velocity greater than 
even that of light itself. 

The velocity, therefore, of the electric current was thus 
proved amply rapid for all possible requirements in the electric 
telegraph. 

Other equally ingenious instruments have been devised by 
Professor Wheatstone for measuring by means of electricity 
distances over which bodies travel with great velocity, and 
that too with such a degree of accuracy as to measure the 
distance to the xoWth part of an inch. Thus, for instance, 
the velocity of a bullet may be measured w^en it emerges from 
the muzzle of a gun, as also the time occupied in its transit 
through the barrel. 

In the same way the time that elapses between the striking 
of the percussion-cap of a gun and the starting of the bullet 
may be ascertained with the greatest accuracy. 

The author has himself, by a modification of one of Pro- 
fessor Wheatstone’s instruments, measured the time that 
elapses during the descent of a body in falling through a 
distance represented by merely the thickness of a sheet of 
common writing-paper. 

As a full description of such instruments will be found in 
the ‘Transactions of the Royal Society,’ it is deemed unneces- 
sary to dwell further on this part of the subject. 
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INVENTION OF THE ELECTRIC TELEGRAPH NOW IN ESE. 

No one person can be strictly called the inventor of the 
electric telegraph. 

In order to ascertain whether the honour of this magnificent 
invention can he ascribed to any one single yjcrsoH, let us 
dissect any of the forms of telegraph now in general use. Let 
us take, for example, the needle telegraph as now generally 
used by ‘ The Electric Telegraph Company ’ in England, and 
by its dissected parts show to whom is due the honour of the 
invention or discovery of each of its parts. 

Volta, in 1800, discovered the galvanic current. 

CErsted, in 1811, discovered that a magnetic needle was 
moved by the passage of an electric current through an adjoin- 
ing wire. 

Schwieger invented the coil. 

Schilling, in 1832, placed the magnetic needles vertical. 

Steinheil, in 1837, made the counting of the number of mo- 
tions the basis of his alphabets. 

Sturgeon discovered and invented the electro-magnet. 

Schilling, in 1832, used a weight which was caused to fall 
by a current of electricity to sound a bell. 

Wheatstone and Cooke, in 1845, made a similar falling 
weight to liberate w'ound-up mechanism, and thus to sound a 
bell. 

Early experimenters show’ed that glass, porcelain, and 
resin were insulators of electricity. 

Watson, in 1747, sent currents of electricity through wires 
suspended in the air on posts. 

Steinheil, in 1837, used wires suspended in the air, and 
buried in the ground, for an electric telcgraj)h. 

Cooke, in 1842, & particularmethod of suspending 

wires in the air, and a particular form of glass and porcelain 
for insulators. 

Watson, in 1747, showed that one-half of an electric current 
might be formed of the earth. 



Digitized by Google 




138 



IGNORANCE AS TO THE ACTION OF 



Steinheil, in 1837, used the same for telegraphic purposes, 
as did also Cooke and Wheatstone in 1842. 

No one can then say that any one person is the inventor of 
the electric telegraph, as now generally in use in England ; in 
which galvanic batteries, — coils of wire, — moveable magnets, 

— electro-magnets, — ^wires on posts in the air, — wires under 
ground, — earth plates, — and the counting of the signals to 
compose the alphabet, form the entire telegraph. 

Each one of the above-named persons has a right to claim 
the discovery or invention of one of those parts, and numerous 
others have an equal right to claim the invention of many of 
the combinations contained in such telegraph. 

The same may be said of every telegraph now in use 
throughout the world. 

The complete telegraph is a joint invention. Each per- 
son has employed in building up his particular telegraph the 
discoveries and inventions of many others. 

Too great praise, however, cannot he bestowed on Mr. W. _ 
F. Cooke for his unwearied and energetic exertions in putting 
into practical operation the inventions of Professor Wheatstone 
and himself. 

It is owing to these exertions on the part of Mr. Cooke 
that this kingdom can now boast of having received the bene- 
fits of telegraphic communication as early as any other 
country. 

PREVAILING IGNORANCE AS TO THE ACTION OF THE 
ELECTRIC TELEGRAPH. 

Many persons there are, even at this date, who have not the 
most remote idea as to the manner in which the electric tele- 
graph works. 

Some firmly believe that the paper on which the message is 
written actually passes through the interior of the wire 
itself. 

Others declare that on placing their ears against the posts, 
they can hear the communications passing. But none of these 
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latter wiseacres have ever been able to ascertain thereby what 
the communication is. 

The jEolian sounds produced by the wire when acted on by 
the wind have led many persons into this belief, and numbers 
there are, even amongst the educated classes, who believe that 
the sounds so produced are at any rate the effect of the pas- 
sage of the electric current. 

It is no uncommon thing to hear an illiterate person say, 
“ What lots of messages were sent by the telegraph yesterday ! ” 
On questioning him as to the grounds of his knowledge, he 
unhesitatingly affirms that he knows it well enough, for he 
heard the wires at it almost all day. 

But perhaps one of the most ludicrous of such like cases is 
the following : 

An old woman from the Emerald Isle, hearing the bell ring at 
the Station for the people to take their seats in the train, and the 
guard calling out “ Now then, those that are going, get in,” 
suddenly rushed into the carriage, leaving her umbrella in the 
hurry of the moment on the platform. The guard, as the 
train started, observing the umbrella, and believing it belonged 
to some one who had just entered the carriages, put it into his 
van. He was right in his surmises, for at the next station 
the said Irishwoman, on getting out of the carriage in the rain, 
missed her umbrella. 

“Och, ’faith,” says she, “and there ’s that dear darling 
umbrella of mine left behind. What shall I do ? I would not 
have it lost for the whole world — it was the gift of my dear old 
mother — poor cratur’. Och, ’faith, and what shall I do?” 

The guard hearing the lamentations of the old woman, 
and wishing to have a bit of fun, whispered to a porter to 
take the umbrella out of his van and to hang it on the wires ; 
and while he went into the station, “ Be calm, madam,” said 
the guard, “ I will telegraph by the wires, and see if you did 
leave it.” Off he went to the telegraph instrument, followed 
by the woman. He rung the bell violently, moved the 
needles, and immediately shouted “All right, ma’am, you 
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did leave your umbrella as you said, and they have sent it 
by the telegraph. If you will look outside, you will find it 
on the wires.” Out ran the old woman, and, to her un- 
bounded astonishment and delight, there her umbrella, sure 
enough, was on the wires. She seized it in ecstasies of delight, 
and looking earnestly first at the umbrella and then at the 
posts, exclaimed in utter astonishment, “ And ’faith, and how 
did the poor cratur’ pass by the posts without even a scratch 
or a mark on it, poor soul ? ” The guard replied, “ Ah, ma’am, 
if I were to explain it to you, you would not understand it. 
We have queer things in this country.” “ And sure enough 
you have, your honour,” replied the old woman, “ and if the 
inventor of that ’ere thing don’t go to Heaven, nobody ought 
and off she trudged with her treasure, w’ell satisfied with the 
performance of the electric telegraph. 

From that day to this, this old lady, no doubt, firmly believes 
that in the twinkling of an eye her dear old darling umbrella, 
at the sounding of the telegraph bell, phssed over some ten 
miles of wire and some hundreds of posts, and arrived safely 
at its destination. 

With this short digression, it is now proposed to pass on to 
a very brief description of the various kinds of telegraphs in 
use in Europe and America. 

TELEGRAPHS IN GREAT BRITAIN. 

In England, the patents of Messrs. Cooke and Wheatstone 
were bought by The Electric Telegraph Company in 
184G. In the same year this Company obtained their Act of 
Incorporation. They being the first Company in the kingdom, 
have supplied most of the leading lines with telegraphs upon 
the principles of their patents. 

The kind of instrument now generally used by them is the 
double- needle telegraph, a drawing of which has .already been 
given. See page 75. 

The letters are denoted by counting the number of move- 
ments of the needles to the right or left before a shght pause 
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is made, — a principle which was adopted by many inventors 
of telegraphs before any patent was taken out. 

This Company have long had the exclusive enjoyment of 
sending all the telegraphic intelligence of this country. They 
paid no less than ^6 168,000 for their patents. 

Another form of telegraph is also used by this Company 
at a few of their large commercial stations. It is a chemi- 
cally marking telegraph, in which lines and dots are made on 
a moving ribbon of paper, by means of currents of electricity. 
The alphabet used is very similar to that of Professor Morse, 
in America. 

The following is the alphabet now used for that mstru- 
ment : — 



a - 

7. 


5- 

1 

1 

1 

1 


s 

t • • ' 


/7 - - 


1 - 


u 








G “ • 






■e 






J 


U m m m m 


it ' ” • — 


9 - 


P m — m 




u 








- y - - 


" - - - 


i — 







The telegraphs of Messrs. Highton have also been used to a 
considerable extent on the London and North-Western Com- 
pany’s lines of railway, viz. ; on the main line ; the Peter- 
borough Line ; the Liverpool and Manchester Line ; the 
Leeds and Dewsbury Line; and the Manchester and Hudders- 
field Line. 

They are now about to be extensively used throughout the 
kingdom by the British Electric Telegraph Company, who, 
as it has been before stated, have bought the patents, and 
have obtained an Act of Parliament. 

The telegraphs of Messrs. Brett and Little have also been 
used, but having in certain points been proved by a Court 
of Law to be infringements of the patents of the Electric 
Telegraph Company, and a compromise having been lately 
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come to betweeu those two parties, it is probable that the 
instruments will be removed, and replaced by those of the 
Electric Telegraph Company. 

The great distinguishing feature then of the majority of the 
telegraphs at present used in Great Britain is, that they are 
of the class known as oscillating telegraphs, i. e. telegraphs in 
which the letters are denoted b}' the number of motions to the 
right or left of a needle or an indicator. * 

The wires in England have hitherto been almost universally 
erected on posts. The insulation however is at present by no 
means perfect. 

EXTENT OF ELECTRIC TELEGRAPHS IN USE IN GREAT 

BRITAIN. 

According to official returns, there were in April, 1850, 
5447 miles of railway open and at work, 1784 miles in 
course of construction, and 4795 in abeyance; making a 
total of 7231 miles of railway opened or opening, and 4795 
miles of railway in suspense. 

According to the published returns of the Old Electric 
Telegraph Company, wires were erected over only 2215 miles 
of railway, leaving at that period thousands of miles of rail- 
way without any telegraph thereon at all, besides thousands of 
miles of railway for which Acts of Parliament had been ob- 
tained, but on which no works had been commenced. 

Since that period, considerable progress has taken place in 
the construction of Electric Telegraphs, but even now many 
portions of the kingdom are wholly deprived of the benefits 
resulting from telegraphic communication. The exact length 
of telegraphs constructed from the above period up to the 
present time has not been published. 

Again, with respect to Ireland, upwards of 500 miles of rail- 
way are in operation, but not five miles of telegraph are yet 
in use. A contract, however, has lately been entered into 
for the construction of a telegraph on one line in Ireland, viz. 
between Dublin and Galway. 
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lu point oii rapidity, Bain’s telegraph would come first, 
Morse’s next, and lastly. House’s, which must be slow as 



TELEGRAPHS IN AMERICA. 

In America three kinds of telegraph are in use, viz. Morse’s, 
Bain’s, and House’s. Morse’s telegraph, which has already 
been described, is at present the most generally employed. 
Bain’s chemically marking telegraph comes next; and, lastly. 
Professor House’s, which is on the step-by-step movement 
principle, and which prints in ordinary letters the intelligence 
transmitted. This telegraph is at present used only to a very 
limited extent in the United States, and is known in England 
as the telegraph of Mr. Jacob Brett. 

Mr. Jacob Brett’s Telegraph. 
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compared with either of the other two. Considerable improve- 
ments, however, have been lately made in the telegraphs of 
Messrs. House and Brett. 

It will be observed that the general system of telegraph used 
in America differs entirely from the oscillating telegraphs em- 
ployed in Great Britain, the telegraphs in America being all 
on the permanently recording principle. 

The wires in America are erected entirely on posts, except 
at a few crossings of large rivers, and there wires covered with 
gutta pcrcha are laid under the water. 

For a description of Morse’s telegraph, see page 60. 

EXTENT OF ELECTRIC TELEGRAPHS IN AMERICA. 

It is notorious how very far in advance of Great Britain 
America has long been in the means of telegraphic communi- 
cation, as compared with its commercial position. 

There were, in the beginning of 1850, in the United States, 
no less than 12,000 miles of telegraph in practical operation, 
and 3000 miles of telegraph under construction. 

In America thp telegraph is used to an enormous extent. 
This is jiartly owing to the low charges made for its use and 
the rivalry resulting from competing companies. 

On the 1st January, 1848, there were only 2311 miles of 
telegraph in operation, whereas on the 1st January, 1850, 
there were 1 2,000 miles completed and at work. These 1 2,000 
miles of telegraph were the property of no less than twenty 
telegraph companies. At the present time there are nearly 
30,000 miles of telegraph in operation and under construction 
in America. 

]Many of these telegraphs are erected by the sides of roads, 
and others pass along railways, or are extended over private 
property. 

The American Government considering that the use of the 
electric telegraph was a great national (juestion, an Act was j 
passed enabling telegraph companies to construct their appa- ^ 
ratus over the lands of public companies or private indi^•iduals 
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on the payment of an adequate compensation, which, in case of 
disagreement between the parties, was to be settled by a jury 
to be selected for the purpose. 

Little or no opposition has been shown against the con- 
struction of telegraphs over private property in America. It 
has been a rule in many cases to allow parties through whose 
lands the wires pass, and on condition of their repairing the 
wires when broken, to have their communications sent at a 
reduced rate. 



TELEGRAPHS IN FRANCE. 



The telegraphs used in France are for the most part of the 
class known as revolving pointer telegraphs. 

For railway purposes one wire only is used. In this case 




Breguet’s Handle apparatus for sending the electric currents, as used in 

France. 

G 
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Top view of Bregiiet’s Telegraph. ^ _ !■ > 
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Side view of Breguet’s Telegraph. 

the pointer as it revolves stops successively at the letters on 
the circular dial which are intended to be denoted. 

In the Government and Commercial Telegraphs two wires 
are used — each wire having its own revolving indicator con- 
nected with a separate maintaining power. 

Each of these two indicators can be made to rest in any one 
of 8 different positions in the circle. 

It is evident therefore that 8x8 or 64 primary signals can 
he transmitted by this form of telegraph. 

The drawing in page 146 exhibits this arrangement of in- 
strument ; the dotted lines showing the various positions in 
which the two revolving arms can be made to rest. 

EXTENT OF TELEGRAPHS IN FRANCE. 

In 18.50, 620 miles of telegraph were in operation, and 899 
miles under construction. 
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Alphabetical code used with Breguet’s Telegraph, showing the position of 
the pointers when representing the letters of the alphabet. 
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The wires are wholly suspended in the air. 

A considerable extension of the electric telegraph has taken 
place since the year 1850, but as no Government return has 
been published of the number of miles now in use, it is impos- 
sible to give the extent of the mileage in operation at the pre- 
sent time. 
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The wires in Prussia have hitherto been almost universally 
buried in the earth. Those first used were simply coated 
with vulcanized gutta pcrcha, and deposited some 18 inches 
or 2 feet under the surface of the ground. All telegraphs, 
however, now under construction, have the gutta-percha- 
covered wire encased in a leaden tube. 

The kind of telegraphic instrument most usually employed 
is of the class known as the revolving pointer or step-by-step 
movement telegraph. In this form of telegraph, as the hand 
revolves it can by mechanism be made to rest, and thereby 
point out successively the letters on a circular dial. The 
instruments used are those of Siemens and Fardly. 

A modification of Morse’s telegraph is also employed. The 
following is the alphabetical code adopted when Morse’s sys- 
tem is employed. 



A 

yE 

B 

C 

D 

E 

F 

G 

II 

I 

K 

L 

M 

N 




0 

(E 

P 

Q 

R 

S --- 

T 

U 

LE 

V 

W 

Y 

Z 



CH 

/ 



1 

2 

3 

4 

5 

6 

7 

8 
9 
0 




Digitized by Google 




150 TELEGRAPHS IN RUSSIA AND OTHER COUNTRIES. 

From accounts which have lately arrived in England of the 
working of the electric telegraphs in Prussia, it appears that 
the under-ground system of wires, on the plan first adopted, 
has proved a failure. It is said that many miles of those 
subterranean wires are henceforth to be abandoned. In 
some places wires have already been erected on posts in lieu of 
them. 

In 1850, there were 2468 miles of wire buried in the earth 
and in use; 1210 miles more were then under construction. 
There are now about 4000 miles of telegraph at work. 

The following statement is extracted from ‘The Times’ of 
20th January, 1852 : 

“ The Austrian Government is so disgusted with the snail- 
like way in which the Prussian telegraph does its work, that it 
is using all its influence to get the line to Strashurg com- 
pleted. I am credibly informed, that a despatch is frequently 
24 hours in getting from one end of the Prussian telegraph line 
to the other. As the subterranean wires were found to answer 
so badly when the Emperor was in Italy, they have been 
entirely abolished in Austria.” 

It is understood that this refers to the wires first laid down, 
and not to those encased in a leaden tube. 



TELEGRAPHS IN RUSSIA AND OTHER COUNTRIES. 

Already the ramifications of electro-telegraphs extend from 
one end of Europe to the other : the lines to connect Peters- 
burg with Moscow, and with the Russian ports on the Black 
Sea and the Baltic, are in progress ; other wires stretch from 
the capital of the Czar to Vienna and Berlin, taking Cracow, 
Warsaw, and Posen on the way. Two lines, by different routes 
— Olmutz and Bnmn, — unite Vienna with Prague, whence 
an offset leads to Dresden ; a third enables the Austrian Go- 
vernment to send messages to Trieste — their outport on the 
Adriatic — 325 miles distant ; a fourth communicates with the 
metropolis of Bavaria; and “since the 10th Januarj- (1850), 
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the ‘ Gazette d’ Augsburg ’ has published the course of ex- 
change in Munich twenty minutes after it has been declared 
in Vienna.” Calais may send news to the city of the Magyar 
on the Danube ; and ere long intelligence will he flashed with- 
out interruption from St. Petersburg to the Pyrenees. Tuscany 
has 100 miles of telegraph under the direction of Signor Mat- 
teucci ; and a single wire, traversing the level surface of ^he 
Netherlands, unites Rotterdam with Amsterdam. Commu- 
nities are leaniing that the electric telegraph is an essential of 
good government ; that police without it is inefficient ; that by 
it the better interests of humanity are promoted. There is 
talk also of introducing the thought-flasher into that land of 
wonders — Egypt ; to stretch a wire from Cairo to Suez for the 
service of the overland mail. Who shall say that before the 
present generation passes away. Downing Street may not be 
placed in telegraphic rapport with Calcutta 1 

In Austria there are about 3000 miles of telegraph, one- 
fourth being gutta-percha-coated wire laid under-ground. 



TELEGRAPHS IN INDIA. 

A short time ago Dr. O’Shaughnessy, in India, received m- 
structions from the Indian Government to construct a line of 
electric telegraph with all possible despatch. At the time at 
which this order was given, no wire was to be had in India. 
Dr. O’Shaughnessy was therefore driven of necessity to use 
such materials as he could obtain in India at the time. Ue 
procured a number of rods of iron, g-ths of an inch thick, and 
welded them together, in order to form a conductor for the 
electric current. These rods were joined in lengths of *200 
feet before they were conveyed to the line of telegraph. 
Strong poles were then erected ; and these rods of iron, 200 
feet in length, being welded together along the hue of the 
electric telegraph, they were erected upon these posts, and 
thus a continuous metalhc conductor was obtained between 
the distant stations. No sooner was this thick wire erected than 
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Tisit England, for the express object of obtaining the latest 
improvements in electric telegraphs, before they commence 
the construction of so great a length of telegraph as that 
which they contemplate carrying out in their possessions in 
India. 

Whatever may be the cost of this mission, the saving that 
will thereby be effected will doubtless be enormous, and will 
tend to the perfection of the system of electric telegraphs 
throughout these regions of the East. 

From the experience that will thus have been gained by the 
telegraphic engineer of the East Indian Government, one 
cannot but look forward to the telegraphs in India (where there 
are no patents) as likely to be the best which have yet been 
constructed throughout the world, and especially so as these 
telegraphs will be under the control and direction of Dr. 
O’Shaughnessy, who for so many years has paid so much 
attention to the science of electricity as applied to the electric 
telegraph. 



ON THE RESTRICTIONS IMPOSED ON THE USE OF THE 
ELECTRIC TELEGRAPH. 

In England, the Government has the power, under various 
Acts of Parliament, of ordering all messages on Her Majesty’s 
service to take precedence of any other communications what- 
ever. 

In cases of civil commotion, or when deemed necessary by 
the Secretary of State, all telegraphs are required on demand 
to be placed at the sole disposal and use of the Govern- 
ment. 

In such cases proper remuneration has to he made to the 
parties for such use. 

Only one instance of this kind has occurred, and that was in 
April, 1849, during the period of the anticipated Chartist 
riots. 

In France, before any despatches are sent they are obliged 

G 5 
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to be submitted to the Government authorities at the stations, 
who have full power to refuse or permit their transmission. 

All despatches of the Government are transmitted in code or 
cypher, so that the parties working the telegraph have not the 
slightest notion of the meaning of the communication. 

Cypher or code signals are not allowed to be sent by the 
public on any pretence whatever. 

In Prussia, every communication has to be subjected to 
similar supervision and control before it is allowed to be sent 
to the party for whom it is intended. 

Three distinct systems of signalling by the electric tele- 
graph are used there. 

The first system is that in which the ordinary letters of the 
alphabet are employed, so that every one can read and under- 
stand the communications transmitted. 

This system is adopted for the transmission of messages 
for the public, and no other is allowed for such puqiose. 

In the second system a private code is employed, which code 
is understood only by tbe officers in the army. 

The third system is by means of a code also. This code 
differs from the previous one, and is only capable of being 
translated by a very few of tbe highest authorities in the 
Government, such as the Secretary of State and the Comman- 
der-in-Chief of the army. 

It will be observed therefore that on the Continent the 
restrictions imposed on the free use, by the public, of the elec- 
tric telegraph are very great, so much so, indeed, as to render 
it rather a weapon in the hands of the Governments than a 
means of promoting social and commercial communications for 
the community at large. 

In America alone, legislative provision is made for the 
transmission of intelligence for the press out of the due order 
of reception. All other communications arc obliged, under 
a heavy penalty, to be transmitted in the same order as that 
in which they are received. 

In England, penalties are also imposed by Acts of Parlia- 
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ment for the transmission of any communications otherwise 
than in the order of their reception, but no exception to this 
rule is made with regard to communications intended for the 
press. 



TELEGRAPHS IN THE BANK OF ENGLAND. 

The Court of Directors of the Bank of England have lately 
caused to be erected throughout their buildings a system of 
electric telegraphs, to communicate between the different de- 
partments of that establishment. 

These telegraphs have been erected partly under the patents 
of ^Ir. Dering, which had been previously bought by the Old 
Electric Telegraph Company, Mr. Dering himself either being 
then or about to become a Director of that Company. 

A description of the patent of Mr. Dering would have been 
given in an earlier portion of this treatise, if these telegraphs 
liad been in use when such former part was written. 

The principal features in the plans of telegraphs patented 
by Mr. Dering may be thus summed up : 

1. Instead of the moveable magnets working on axes, 
magnets fixed to elastic supports arc employed. 

2. The magnet and coil are so arranged that the electri- 
city passing through the coil acts on the magnet by attraction 
or repulsion ; the coil resembling that of an electro-magnet, 
but without the iron core. 

3. A peculiar method of sounding alarums is also given. 

4 . A means of cutting off from the circuit any particular 
telegraphic instrument is described. 

5. Several methods of preventing the injurious effect of 
atmospheric electricity, collected by the wires of the tele- 
graph during thunder-storms, arc given. 

6. In insulating the line-wires an additional bell insulator 
is employed, this second bell being inverted and placed in- 
side the usual one. 
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The Specification of this patent is published at length in 
the ‘Repertory of Patent Inventions.’ 

Mr. Dering’s telegraphs are now also partially used on the 
Great Northern Railway. 

I 

ELECTRIC TELEGRAPHS IN AMERICA IN CONNECTION 
■WITH THE FIRE ESTABLISHMENTS. 

In some of the principal towns in America a system of elec- 
tric telegraphs has been constructed, by means of which notice 
of the breaking out of a fire is instantly telegraphed to all the 
fire-engine stations. 

A town is divided into certain districts. In each district 
one or more electric telegraphs are placed, communicating with 
a central station. From this central station wires diverge to 
all the principal establishments where fire-engines are kept. 

As soon as a fire breaks out, information is sent to the 
central police station. From this central station communi- 
cations arc instantly despatched by telegraph to all the 
fire-engine stations. The engines start immediately to the 
scene of the fire. Assistance is thus despatched forthwith, 
and no delay arises from the uncertainty as to the exact locality 
of the fire. 

It is e\ident that if such a system were adopted in London 
a large amount of property might be annually saved, and the 
loss of many lives prevented. 

It is hoped, therefore, that the inhabitants of this great 
metropolis will not suffer themselves to remain long behind 
their enterprising brothers on the other side the Atlantic, in a 
matter so clearly affecting not only their property, but even 
their own lives. 
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SUBMARINE TELEGRAPHS. 

Ill 1849, an English Company obtained a charter from the 
French Government, which granted to them the exclusive 
right for 10 years of sending electro-telegraphic intelligence 
between England and certain defined points on the French 
coast. This right was granted on condition that certain 
requirements were complied with, and the work carried out 
within a given period. 

The first line laid down consisted of one copper wire simply 
covered with gutta percha. This wire was laid across the 
Channel in August, 1850. 

The covering of the gutta percha was ^ of an inch thick. 
The wire remained perfect, however, only a few hours, as the 
action of the sea rolling it about on the sharp rocks at once 
destroyed the covering and rendered the wire useless. 

In September, 1851, another line of telegraph was laid 
across the English Channel. This consisted of four copper 
wires, each encased in gutta percha, and then enclosed in a 
rope of galvanized iron. The length of rope made was 24 
miles. It weighed when finished 180 tons. The plan 
adopted in the manufacture of this telegraph cable was as 
follows : 

A copper wire (No. 16 wire gauge) was first carefully co- 
vered with gutta percha ; upon this coating of gutta percha 
d second covering was laid : the copper wire was thus tho- 
roughly well insulated. Four of these insulated wires were 
then bound together with spun-yarn and hemp, saturated with 
tar. 

This bundle of insulated wires with its hempen covering 
was then surrounded by ten galvanized iron wires, each 
wire being -j-yths of an inch in diameter. The insulated wires 
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thus formed the core of a large wire-rope ; the whole proeess 
and the principle employed being both exactly the same as 
those patented by the author in 1850. 

As this telegraphic wire-rope came from the machine, it 
was formed into a large coil 30 feet in diameter. Each of the 
external and internal wires were in one un- 
broken length. The several smaller lengths of 
the external wire, as manufactured, were welded 
together, and the inner ones soldered. 

The making of the rope occupied twenty days. 

The annexed drawing shows a portion of the 
rope as finished. 

The machine which laid the iron wires around 
the insulated ones, made, when working freely, 
about 18 revolutions per minute, and completed 
about 1 1 inches of the cable in that time. 

This huge wire-rope was then shipped on board the ‘ Blazer,’ 
an old war steamer, which the Admiralty placed at the dis- 
posal of the Company. The machinery of the steamer, 
together with the funnel, had all been previously removed in 
order to obtain sufficient space in the hull for the coil of the 
cable. 

The ‘ Blazer ’ was then towed from London to Dover. 

On the 25th of September, 1851, the work of paying out 
the cable commenced. Steam-tugs were placed by the Ad- 
miralty at the command of the Company. The ‘ Blazer,’ with 
her cargo, was then towed from Dover to the South Foreland, 
and one end of the rope conveyed on to the English shore. 
After this the vessel was towed in the direction of Cajie 
Grinez. 

During the process of paying out the rope, it appears that 
many kinks or bends occurred, and the covering was every now 
and then tom off the insulated wires as the rope went through 
the opening made for it in the vessel. So great was the 
damage done at one time, that it was thought that the inner 
telegraphic wires were greatly injured. On the testing of 
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them, however, the insulation was found to be perfect. It is 
hoped that time may not reveal the fact of the insulating 
covering having in any way been seriously injured. 

The distance between the extreme points on the two coasts 
between which the cable was to extend, was 20 miles. An 
extra length of 4 miles of cable was made to allow for un- 
dulations and sinuosities. In consequence of the manner in 
which the cable was put on board tbe steamer and after- 
wards payed out, and the sinuosities of the course traversed 
bv"^ the vessel (which at one time broke away from the steam- 
tugs), the extra length of 4 miles of rope, as allowed in its 
length, was found to be too little. The end of the 24 miles 
of rope would not reach its destination by about half-a-mile. 

After temporarily connecting the wires in the cable to some 
spare wire simply covered with gutta percha, and thereby 
passing a few complimentary messages from coast to coast, 
operations were suspended until more cable could be manufac- 
tured. Another mile of the same kind of cable was made, 
spliced to the end of the old one, and then laid down in the 
sea. 

On the 18th of October the communication was found to 
be perfect. 

The cost of the cable is said to have been £ 20,000, and 
the whole expenses of the Company no less than £ 75,000. 

Arrangements are being made for trying, through the 
instrumentality of the submarine telegraph, some remarkably 
curious astronomical experiments, and it is considered that 
facilities for sidereal observation on all parts of the Continent 
will be greatly increased by means of it. The South-Eastern 
Railway Company, have, it is said, with a view to the promo- 
tion of this object, consented to carry a wire or wires from 
their telegraph to the Observatory at Greenwich, so as to con- 
nect it with the submarine wires, and thus with the Observa- 
tory at Paris, so that simultaneous observations may be made 
between the Astronomer Royal here and Professor Arago in 
Paris. The transit of a star over the meridian of London and 
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Paris can thus be made notified in an instant, and with it the 
exact time of its transition. The longitude of both places, and 
of different places on the Continent, can also be easily obtained, 
and the most accurate records of comparative astronomy be 
recorded and preserved. 

The working of these submarine wires has hitherto proved 
very satisfactory — and, it is stated, highly remunerative to 
the proprietors. 

A second rope is now under construction for laying down 
between England and France, as a duplicate to the first one. 

Another telegraphic rope is about to be laid down between 
England and Ostend : an exclusive permission to do so has 
already been accorded to the principal proprietors in the sub- 
marine telegraph from England to France. A third rope is 
also to be submerged between England and Holland. 

A submarine rope with one insulated wire has lately been laid 
down between Holyhead and Dublin, and other similar ropes will 
shortly be submerged between Port Patrick and Donaghadee. 

The submarine wire-roj)C lately laid across the Irish Chan- 
nel between Dublin and Holyhead was thus constructed: — a 
copper wire. No. IG, was covered with two coatings of gutta 
percha. In that part of the rope which lies in deep water, the 
gutta percha covering is merely surrounded by twelve No. 16 
galvanized iron wires, forming a thin rope about the size of 
one’s little finger. Near the shore the gutta percha was pro- 
tected by a covering of six very thick galvanized iron wires. 
The weight of the rope was about 80 tons, and the length 80 
miles. This rope has at present proved an entire failure, and 
many miles of it have already been taken up. 



TELEGRAPHING 'WITHOUT INSULATION. 

Various experiments have been tried in England, America, 
and India, with a view to ascertain whether it was possible to 
send telegraphic communications with naked wires, or even 
without any wires at all. 
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In England the author and his brother have tried many 
experiments on this subject. Naked wires have been sunk in 
canals, for the purpose of ascertaining the mathematical law 
which governs the loss of power when no insulation was used. 
Communications were made with ease over a distance of about 
a quarter of a mile. 

The result, however, of thes^xperiments has been to prove 
that telegraphic communications could not be sent to any 
considerable distance without the employment of an insulating 
medium. 

In India Dr. O’Shaughnessy has laid uninsulated wires across 
a river which is more than a mile broad, for the purpose of 
transmitting telegraphic communications ; and he has found 
that to transmit a current along an uninsulated wire of that 
length, and to obtain at the distant end an action sufficient to 
work his telegraphic instruments, no less than 250 galvanic 
cells were required, and that even then the signals were 
scarcely visible. 

Professor Morse, in America, has tried various experiments 
in sending currents across rivers without any intervening 
wires. 

All these experiments, however, have led to no practical 
result, except that they have proved that where it is necessary 
to transmit currents of electricity between two stations which 
are far distant from each other, msulation of a metallic medium 
is absolutely required. Beyond the proof of this fact, all 
these costly experiments have proved futile. 

The experiments themselves have, however, been of the 
highest value to the science of telegraphing by electricity, and 
many laws have been deduced therefrom. 



CHARGES FOR THE USE OF THE ELECTRIC TELEGRAPH. 

When the Old Electric Telegraph Company first opened their 
lines for the transmission of public messages in England, the 
charges for twenty words were calculated at the rate of Id. 
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per mile for the first 50 miles, ^d. per mile for the next 50 
miles, and \d. per mile for every mile beyond the first 100 
miles. 

On the 11th of March, 1850, the charges were reduced; 
1 Os. being made the maximum charge for any distance. 

On the 20th of March, 1851, a further reduction was made, 
and no message of twenty words was to exceed 8s. dd. 

On the l/th of November, 1851, the tariff was still 
further reduced ; the charge being 2s. dd. for twenty words 
if transmitted 100 miles or less, and 5s. if more than 100 
miles. 

Early in 1852 a further reduction was made, the charge for 
a message between ^Manchester and Liverpool being for twenty 
words Is. instead of 2s. dd. 

The telegraphs on the South-Eastern Railway do not be- 
long to the Old Electric Telegraph Company, but to the 
Railway Company. The charges in the district passed 
through by tliis railway were very high in the first instance, 
but a great reduction was made on the 17th of November, 
1851, when the charge for a message between any two stations 
on their line was reduced to 5s. for twenty words. 

Time and experience alone can decide whether the charges 
now made in England are such as to produce a maximum of 
convenience to the public, together with a maximum of profit 
to the telegraph companies. There are some who assert that 
the above charges are very high, and that neither the public 
reap the benefits which they ought to derive from so great an 
invention, or the proprietors of the telegraph so great a profit 
as they would do if the charges were materially reduced. 
There are others, again, who assert that the present charges 
are as low as they ought to be to secure to the telegraph com- 
pany a fair return on the capital invested by them in the 
construction of their lines, and at the same time to give consi- 
derable facilities and convenience to the public. Time, expe- 
rience, and competition will ere long afford a perfect solution 
to this problem. Much, it is true, will ever depend on the 
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cheap construction of the electric telegraph itself, although 
dependence must not be placed wholly on this point. 

Accuracy, precision, and despatch are of far greater im- 
portance in the transmission of telegraphic intelligence than 
mere cheapness ; but there is no reason why all these essential 
properties should not be combined with low charges. 

Another point which will in a great measure regulate the 
charge for the transmission of telegraphic messages in ordinary 
matters is the increasing facilities and despatch which, by 
means of improvements in railways, can and will be afforded 
to the transmission of intelligence by the post. 

Immense improvements have of late years been made in 
the despatch of letters by post. This department is under ' 
the control of Government, and increased facilities for the 
transmission of letters are taking place almost daily. The 
charge for telegraphic intelligence must therefore in some 
measure be regulated by the increased facilities which may 
graduall}- be afforded by the Post Office. That charge which 
may be the best for all parties to-day may require alteration 
on the morrow: no definite general rule, therefore, can be 
laid down. 

The charge for the use of the telegraph must, as in the case 
of the fares by railway, steam-boat, or omnibus, be regidated 
by the peculiar circumstances existing at the time. 

, No one, however, cau doubt, that as in the case of the late 
reduction in the charge of postage for letters the number of 
letters immensely increased, so, in the reduction of charges 
for the use of the telegraph, the number of messages would 
be greatly multiplied also. 

The annexed is the present tariff of charges for the trans- 
mission of messages by the submarine telegraph. 
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TELEGRAPH CHARGES. 167 

The foregoing were the charges for the use of the telegraph 
in Belgium in 1850. 



TELEGRAPH CHARGES IN FRANCE AND PRUSSIA. 

The charges for the transmission of telegraphic intelligence 
in France and Prussia were, in 1850, about the same as those 
in England at that time. 

The following is the tariff of charges in France : 







miles. 


f. c. 


s. d. 


ris to Amiens 


. about 72 


4 80 


4 0 




Arras 


100 


5 64 


4 8^ 




Valenciennes 


125 


6 36 


5 




Lille . 


130 


6 36 


5 3^ 


>> 


Calais 


163 


7 56 


6 3^ 


♦ ) 


Dunkirk 


160 


7 32 


6 H 




Orleans 


67 


4 56 


3 Ilf 


}f 


Tours 


139 


5 88 


4 lOf 


It 


Angers 


190 


7 60 


6 4 


ft 


Bourges 


127 


5 88 


4 lOf 


ti 


Nevers 


154 


6 72 


5 H 


1) 


Chateauroux . 


147 


6 24 


5 2f 


tt 


Chalons sur Marne 95 


5 10 


4 3 


tt 


Rouen 


75 


4 68 


3 lOf 


tt 


Havre 


112 


5 76 


4 9f 



In America the charges have always been very low, and the 
telegraph in consequence is most extensively used. 

In 1850 the charges varied from one-fourth to one-sixth of 
those made in England. 

The following Table shows a lew of the charges made in 
America about that time : 







miles. 








s. 


d. 


From New York to Boston, 


about 


240 


30 


cents. 


or about 


1 


3 


Philadelphia to Harrisburg, 


it 


107 


20 


tt 


»» 


0 


10 


New York to Philadelphia, 


it 


90 


25 


ti 


tt 


1 


0 


Philadelphia to Pittsburg, 


ti 


321 


40 


ti 


tt 


1 


8 


V New York to Baltimore, 


ti 


190 


50 


tt 


tt 


2 


0 


New York to Albany, 


tt 


196 


37 


tt 


tt 


1 


6 


New York to Washington, 


tt 


230 


50 


tt 


tt 


2 


0 
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REGULATION OF TIME. 



miles. t. d. 

Washington to New Orleans, about 1716 2 dollars, or about 8 0 

Washington to Baltimore, „ 40 20 cents, „ 0 10 

Philadelphia to Wilmington, „ 30 10 ,, „ 0 5 

Wilmington to Baltimore, „ 86 20 „ „ 0 10 

Philadelphia to Baltimore, „ 99 23 ,, „ 1 0 

Longer messages are sent at proportionably low rates, with a 
further reduction on very long communications. 

In contrast with this, the charges in England were at the 
same period, 











s. 


d. 


From London to Birmingham, which 


is about 112 miles, 


6 


6 


»» 


Cheltenham, 


»» 


100 „ 


7 


6 


»» 


Glasgow, 


»» 


420 „ 


10 


0 




Hull, 




200 „ 


9 


6 


>1 


Liverpool, 




210 „ 


8 


6 


»» 


Newcastle, 




300 „ 


10 


0 


»» 


Southampton, 


»* 


80 „ 


5 


6 




York, 


♦ 1 


200 „ 


9 


0 


It should be 


observed that these English rates 


are 


for 



message of twenty words, whilst the American rates are for a 
message of ten words : but then the English Company count 
the address and signature, &c. as forming part of the twenty 
words ; whilst the American rates relate to a message of ten 
words, clear of the address, date, signature, &c., for which 
nothing is charged. 

REGULATION OF TIME BY THE ELECTRIC TELEGRAPH. 

For some time past arrangements have been pending 
between the Electric Telegraph Company, the Astronomer 
Royal, and the South-Eastern Railway Company, for the 
establishment and transmission, throughout London and the 
provinces, of mean Greenwich or uniform time. For this pur- 
pose a system of ingenious apparatus is being constructed 
upon the dome of the Telegraph Company’s West-end station. 
No. 448, Strand, opposite Ilungerford Market. From the 
summit of this dome an uninterrupted view of London and the 
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river was obtainable, the total height of the apparatus being 
about 110 feet above the level of the Thames. 

The apparatus consists of a long quadrangular shaft or pillar 
of wood, about 38 feet high. The first section of this hollow 
shaft is fixed into the floor of the room underneath the dome, 
and thence carried through and joined on to the second section 
and the third, the latter of which is then passed through the 
centre of a large globe or ball, which is intended by means of 
sympathetic electrical action to fall every day simultaneously 
with the well-known ball on the top of the Greenwich Observa- 
tory, between which and the Strand the electric wires have been 
completed for the purpose, so as to indicate to all London 
and the vessels below bridge exact Greenwich time. The ball 
is nearly 6 feet high and IG feet in circumference, and is 
formed of zinc. The apparatus is so constructed, in connec- 
tion with the telegraphic wires between London and Greenwich, 
that when the ball at Greenwich falls, an instantaneous shock 
of electricity will be communicated along them; and this, 
acting on an electrical trigger connected with the ball in the 
Strand, will cause it to fall simultaneously with the one at 
Greenwich. Tlie cost of carrying out this novel chronometrical 
machine is estimated at ^61000. 

ELECTRIC CLOCKS. 

Various plans have been proposed and patented for working 
clocks or chronometers by the power of electricity instead of 
that of gravity. In some cases no weight is employed, but 
the power of electricity is the direct means of causing a pen- 
dulum to continue its vibrations for any definite period of 
time, and thus to force forward the wheels of clock-work me- 
chanism, and with them the hands of the clock. 

Among the inventors of this system of electric clocks may 
be mentioned with distinction the names of Mr. Alexander 
Bain and Mr. Shepherd. 

Mr. Bain and others have also caused the motion of clock- 
work mechanism, whether the same be actuated primarily by 

H 
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ELECTRIC CLOCKS 



electricity or gravity, to send currents of electricity along a 
conductor, and thus to work any number of electric clocks 
placed in the circuit, and thereby to make each one of those 
clocks to keep exactly the same time as that of the primary 
or standard one. 

This principle of causing any number of clocks to go iso- 
chronously is of the highest importance, and especially so m 
Observatories, where observations are being made at the same 
instant of time on the same celestial object, by different 
observers at different instruments. 

ELECTRIC CLOCKS AT THE OBSERVATORY AT GREENWICH. 

At the present time several clocks on this latter principle 
are under construction at the Observatory at Greenwich. 

Hitherto at this Observatory each attendant or observer has 
had his own chronometer ; and as no two chronometers working 
by the power of gravity or a spring can be made to go exactly 
isochronously for weeks together, each observer in the different 
departments, after having denoted the time of an observ'ation, 
has had to correct such denoted time, in order to make it 
correspond with the time of the standard chronometer of the 
Observatory. 

As soon, however, as every clock in the building is made 
by the means of the electric current to go isochronously with 
the standard chronometer of the Observatory, no such cor- 
rection will be required, nor indeed any coiTcction at all, 
unless the standard chronometer happens at the time to be 
either before or behind the true time. This arrangement of 
chronometers, actuated by means of electric currents, will, 
when carried into practice, immensely reduce the labours of 
each observer, and give far more accurate results. 

An apparatus of another kind is now being constructed at 
the Observatory, by means of which the exact instant of time 
at which a heavenly body crosses the wires of the telescope 
may be denoted with absolute certainty. 
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The apparatus consists of a cylinder, in circumference about 
3 feet, and over which a covering of paper is to be placed. 
This cylinder will be made to revolve uniformly by means of 
a clock movement, governed by a centrifugal pendulum. The 
paper will travel a distance of about one-third of an inch in a 
second of time, but of course it can be made to travel a greater 
or less distance if desired. A pricker or marker, to be actuated 
by means of electricity, will be placed immediately over this 
paper. Wires will extend from this marker, and terminate in 
a key by the side of the observer at the telescope. On pressing 
down this key a mark will be made on the paper on the revolving 
cylinder, in the same way as marks are made by Morse’s 
telegraph. 

At the instant that the observer notices that a heavenly 
body is crossing one of the wires in his telescope he will touch 
the key, and thus cause a mark to be made on the moving 
paper. Each second of time will, by clock-work mechanism, 
be also marked by dots upon the same piece of paper, so that 
by measuring the distance of the dot made by the observer 
from the nearest second dot made by the clock-work, the exact 
instant of time at which that observer’s mark was made will 
be ascertained. 

By this means the observer will be enabled to record the 
exact period at which such heavenlj" body crosses the respective 
wires of his telescope, and that with a degree of nicety which 
can be measured to the fractional part of a second of time. 

Without such apparatus it would be almost impossible to 
denote the time of an observation to a degree much less than 
that of a whole second of time, but by its means it will be 
perfectly easy to ascertain the exact instant, even to the x^^h 
or xoVoth part of a second. 

It is obvious, then, that by the aid of electricity all astrono- 
mical observations will henceforth be conducted with a degree 
of accuracy which no one a few years ago would ever have 
imagined to have been practically possible. 

To such a degree of nicety has this means of measuring 
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extremely small periods of time been carried in other depart- 
ments of science, that the author himself has been enabled to 
record the time at which occurrences have taken place to the 
-j^'g-oth part of a second of time. 

Such has been the late rapid advancement in the science of 
Electricity. 

If any one had dared but a few years ago to have asserted 
that he could have recorded the period of an occurrence to 
the T^o^th part of a second of time, he would have been 
looked upon as an idle dreamer, or one devoid of common 
sense. The fact is, however, patent to the world. To the 
uninitiated, the measuring of such extremely small periods 
of time may even now appear chimerical, but to the man of 
science such has long become an acknowledged fact. 

In the United States the principle of telegraphing time by 
electricity has long been adopted. 

At Boston, U. S., true time is received every day from the 
Cambridge Observatory, four miles distant, for the service of 
the shipping in the harbour. 

There is no reason why, in this great commercial countrv’’, 
Greenwich time should not be sent at least once every day to 
every shipping port in the United Kingdom. The advantages 
which such an arrangement would afford are beyond calcula- 
tion, and it well becomes the Government of this maritime 
nation to see that such an arrangement is speedily and 
effectually earned out. 



GENERAL UTILITY OF THE ELECTRIC TELEGRAPH. 

No person unacquainted with the electric telegraph can 
form any idea of the enormous amount of business which is 
daily transacted by means of this invention. Messages of 
every character are constantly being transmitted, both by 
night as well as by day. 

As regards the amount of telegraphic correspondence carried 
on by a railway, with respect to the working of the line alone. 
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some idea may be formed by the knowledge of the fact that at 
a single station, on the South-Eastern Railway, upwards of 
20,000 messages on the service of the Railway are annually 
recorded in the books of that Company. 

The security which the electric telegraph affords to railway 
travelling is not the least of its merits ; accident and obstruc- 
tion can at once be made known, and the remedy provided for. 

The following is one of the many services wdiich the electric 
telegraph has rendered, in averting impending danger on a 
railway. 

“On New Year’s Day, 1850, a catastrophe, which it is 
fearful to contemplate, was averted by the aid of the telegraph. 
A collision had occurred to an empty train at Gravesend ; and 
the driver having leaped from his engine, the latter ^started 
alone at full speed to London. Notice was immediately given 
by telegraph to London and other stations ; and while the 
line was kept clear, an engine and other arrangements were 
prepared as a buttress to receive the runaway. The superin- 
tendent of the railway also started down the line on an engine ; 
and on passing the runaway he reversed his engine, and had it 
transferred at the next crossing to the up-linc, so as to be in 
the rear of the fugitive. He then started in chase, and on 
overtaking the other he ran into it at speed, and the driver of 
his engine took possession of the fugitive, and all danger was 
at an end. Twelve stations were passed in safety; it went by 
Woolwich at fifteen miles an hour, and was within a couple of 
miles of London before it was arrested. Had its approach 
been unknown, the mere money-value of the damage it would 
have caused might have equalled the cost of the whole line of 
telegraph.” 

The promptitude with which detection has followed fraud 
by the agency of the telegraph is sometimes rather amusing. 
Mr. Smee relates an instance: “One Friday night, at ten 
o’clock, the chief cashier of the Bank received a notice from 
Liverpool, by electric telegraph, to stop certain notes. The 
next morning the descriptions were placed upon a card and 
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given to the proper officer, to watch that no person exchanged 
them for gold. Within ten minutes they were presented at 
the counter by an apparent foreigner, who pretended not to 
speak a word of English. A clerk in the office, who spoke 
German, interrogated him, when he declared that he had re- 
ceived them on the Exchange at Antwerp six weeks before. 
Upon reference to the books, however, it appeared that the 
notes had only been issued from the Bank about fourteen days, 
and therefore he was at once detected as the uttcrer of a 
falsehood. The terrible Forrester was sent for, who forthwith 
locked him up, and the notes were detained. A letter was at 
once written to Liverpool, and the real owner of the notes 
came up to town on Monday morning. He stated that he was 
about to sail for America, and that whilst at an hotel he had 
exhibited the notes. The person in custody advised him to 
stow the valuables in his portmanteau, as Liverpool was a very 
dangerous place for a man to walk about with so much money 
in his pocket. The owner of the property had no sooner left 
the house than his adviser broke open the portmanteau aud 
stole the property. The thief was taken to the Mansion 
House, and could not make any defence. By a little after ten 
the next morning, such was the speed, not only was a true 
bill found, but the trial by petty jury was concluded, and the 
thief sentenced to expiate his offence by ten years’ exile from 
his native country.” 

Again: “When the ‘Hibernia’ steamer arrived at Boston in 
January, 1847, with new's of the scarcity in Great Britain, 
Ireland, and other parts of Europe, and with heavy orders for 
agricultural produce, the farmers in the interior of the State of 
New York, informed of the facts by magnetic telegraph, were 
thronging the streets of Albany with innumerable team-loads 
of grain almost as quickly after the arrival of the steamer at 
Boston as the news of that arrival could ordinarily have 
reached them.” 

Apart from business and politics, the Americans have made 
the electric telegraph subservient to other uses : medical prac- 
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titioncrs in distant towns have been consulted, and their 
prescriptions transmitted along the wire ; and a short time 
since a gallant gentleman in Boston married a lady in New 
York by telegraph — a process which may supersede the ne- 
cessity for elopement, provided the law hold the ceremony 
valid. 

A favourable idea of the immediate practical utility of the 
telegraph may be gathered from the remarks of a correspondent 
in the United States, who writes thus: “The telegraph is 
used in this country by all classes, except the very poorest — 
the same as the mail. A man leaves his family for a week or 
a month ; he telegraphs them of his health and whereabouts 
from time to time. If returning home, on reaching Albany 
or Philadelphia, he sends word the hour that he will arrive. 
In the towns about New York the most ordinary messages are 
sent in this way; a joke, an invitation to a party, an inquiry 
about health, &c. In our business we use it continually. 
The other day two different men from ISIontreal wanted credit, 
and had no references ; we said, ‘ Very well ; look out the 
goods, and we will see about it.’ Meanwhile we asked our 
friends in Montreal, ‘Are Pump and Proser good for one 
hundred dollars each ?’ The answer was immediately returned, 
and we acted accordingly; probably much to our customers’ 
surprise. The charge was a dollar for each message, distance 
about 500 miles, but much further by telegraph, as it has to 
go a roimd to avoid the water.” 

In that excellent publication, viz. ‘ Chambers’s Papers for 
the People,’ from which the above quotations have been made, 
appear the following verses on the electric telegraph. They 
are inserted here merely for the purpose of showing the varied 
uses to which the electric telegraph is even now employed. 



Hark ! the warning needles click, 
Hither — thither — clear and quick. 
Swinging lightly to and fro, 

Tidings from afar they show, 
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While the patient watcher reads 
As the rapid movement leads. 

He who guides their speaking play 
Stands a thousand miles away. 

Sing who will of Orphean lyre, 

Ours the wonder-working wire ! 
Eloquent, though all unheard, 

Swiftly speeds the secret word. 

Light or dark or foul or fair, 

Still a message prompt to bear : 

None can read it on the way, 

None its unseen transit stay. 

Now it comes in sentence brief. 

Now it tells of loss and grief. 

Now of sorrow, now of mirth, 

Now a wedding, now a birth. 

Now of cunning, now of crime, 

Now of trade in wane or prime. 

Now of safe or sunken ships. 

Now the murderer outstrips. 

Now it warns of failing breath, 
Strikes or stays the stroke of death. 

Sing who will of Orphean lyre, 

Ours the wonder-working wire ! 
Now what stirring news it brings. 
Plots of emperors and kings ; 

Or of people grown to strength. 
Rising from their knees at length : 
These to win a state — or school; 
Those for flight or stronger rule. 

All that nations dare or feel, 

All that serves the commonweal. 

All that tells of government. 

On the wondrous impulse sent, 
Marks how bold Invention’s flight 
Makes the widest realms unite. 

It can fetters break or bind, 

Foster or betray the mind. 

Urge to war, incite to peace, 

Toil impel, or hid it cease. 

Sing who will of Orphean lyre, 

Ours the wonder-working wire ! 
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Speak the word, and think the thought, 

Quick ’tis as with lightning caught. 

Over — under — lands or seas. 

To the far antipodes. 

Now o’er cities throng’d with men. 

Forest now or lonely glen ; 

Now where busy Commerce broods. 

Now in wildest solitudes; 

Now where Christian temples stand. 

Now afar in Pagan land. 

Here again as soon as gone. 

Making all the earth as one. 

Moscow speaks at twelve o’clock, 

London reads ere noon the shock ; 

Seems it not a feat sublime, — 

Intellect hath conquer’d Time ! 

Sing who will of Orphean lyre. 

Ours the wonder-working wire ! 

CONCLUDING REMARKS. 

In penning the foregoing pages, the author has endeavoured 
to free his mind as much as possible from any bias that 
it might have in favour of any particular system or systems of 
electric telegraph. 

As the parent naturally Ukes his own offspring better than 
the child of another, so each inventor naturally considers his 
own inventions superior to those of his neighbour ; and should 
any remarks that have been made be thought to be in any 
way uncalled for, or harsh, or severe, the author will be truly 
and sincerely sorry. Difficult though the task in practice may 
be, his sincere aim and object have ever been to do justice 
to all. 

Many persons may think that some inventions ought to 
have been given more in extenso, while others ought to have 
been curtailed. To please all would clearly have been impos- 
sible, and the author trusts that those who are inclined to 
censure will remember the fable of the old man, the boy, and 
the ass. 
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It must riot be forgotten that the electric telegraph is 
now only in its infancy. Mnch has yet to be accomplished, 
and wonderful discoveries still await the patient and laborious 
student. 

Who could have thought that the accidental contraction of 
the muscles of a frog would ever have paved the way to such 
brilliant results as have already appeared ! 

The falling apple led to the discovery of the power of 
gravity, and what may not a further search into the hidden 
mystery of electricity ultimately bring to light ! 

Electricity and steam have now become the great civilizers 
of mankind. Time and space are all but annihilated. Years 
are converted into days, days into seconds, and miles have 
become mere fractions of an inch. 

No fairy dream conld ever surpass the wonders of the pre- 
sent age. The ray of light is caused — itself to paint the 
verdant landscape, or trace the features of our dearest friends. 
The power of heat is made to carry us whithersoever we 
will — it transports alike the luscious fruits of the tropics to the 
colder regions of the earth, or carries the cooling ice to assuage 
the parching thirst of sunny climes, and last, but not least, 
that tiny thread of wire which dangles in the air conveys a 
silent current far away, and thus transacts the business of a 
mighty trade and commerce, and carries our very thoughts to 
dear and distant friends. All this is the work of the last half 
century. W^ho can tell what another century may bring 
forth ! 

Search further, ye patient labourers in the field of electricity, 
for many brilliant discoveries await you still. Examine well 
the laws that govern this subtle power, and soon will you 
meet your rew'ard. The field is rich in the extreme. Careful 
study, and direct experiments, are alone required to add fresh 
laurels to the many that already adorn the brows of the Phi- 
losophers of the present age. 

It is time to conclude ; in doing so the author will use 
the language of the immortal Newton, who, at the close 
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of the Preface to his ‘Principia,’ says, “I caniestly entreat 
that all may be read with candour, and that my labours may 
be examined, not so much with a view to censure, as to supply 
their defects.” 
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Mb. Weate has prepared for publication, in a neat and convenient size, a 
series of original and useful Volumes, bj the most esteemed -writers, forming a 
Budimentary Course for the easy comprehension of the leading principles of 
-various Sciences. 

It has been remarked that “ those who are in the ship of Science ought to 
remember that the disciples cannot arrive without the aid of boats.” Popular 
Treatises are to Science what boats are to large ships : they assist people in 
getting aboard. But as no one would trust himself to a weak and inefficient 
boat, BO no one ought to begin the study of Science -with an imperfect guide. 
It sometimes happens that popular treatises are made to appear easy by the 
omission of those very details which are most essential to be known : they state 
results -without going through the necessary processes by which those results 
are gained : they dead largely in facts, and leave principles untouched. 

The only method of avoiding this error is to confide to men who are 
masters of their respective subjects the task of dra-wing up Popular Introduc- 
tions to the several branches of Science, as well as uniting elementary principles 
-with practical applications. The PubUsher trusts that the folio-wing list of 
mtmes -wiU be a sufficient guarantee to the Public that what he proposes to 
attempt in the cause of Popular Instruction will be done well ; and that these 
little treatises -will fully answer the purposes for which they are intended, 
namely, to become convenient and accurate Guide-Books in Popular Institutions 
generally, while their low price -will place them -within the reach of all classes 
earning their daily bread, to many of whom a knowledge of the elements, together 
-with the practice, of the Sciences are positive gains in the common pursuits of life, 
as well as a means of winning from gross tastes, and presenting to the mind 
noble and worthy objects of study. The series, also, is extended to the Elemental 
and Practical Science of Mathematics, for those who desire to advance and 
perfect their studies. Together -with an Educational Series. The whole in 
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1. CHEMISTEY, by Prof. Fownes, F.E.S., including Agricultural Che- 

mistry, for the use of Farmers. 4th edition Is. 

2. NATUKAL PHILOSOPHY, by Charles Tomlinson. 3rd edition . . 1«. 

3. GEOLOGY, by Col. Portlock, F.R.S., &c. 3rd edition . . Is. 6d. 

4. 5. MIHEBALOGY, with Mr. Dana’s Editions, 2 vols. in 1. 2nd edition 2s. 
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6. MECHANICS, by Charles Tomlinson. 4th edition . . . . Is. 

7. ELECTRICITY, by Sir William Snow Harris, F.R.S. 3rd edition Is. 6d. 
7*. GALVANISM : ANIMAL AND VOLTAIC ELECTRICITY : Trea- 
tise on the General Principles of Galvanic Science, by the same Is. 6d . 
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12. PNEUMATICS, by Charles Tomlinson. 2nd edition . . . . Is. 

13, 14, 16. CIVIL ENGINEERING, by Henry Law, C.E., 3 vols. ; and 

16* Supplement 4s. 6rf. 

16. ARCHITECTURE (Orders of), by W. H. Leeds. 2nd edition . . Is- 

17. ARCHITECTURE (Styles of), by T. Bury, Architect. 2nd edition, 
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18, 19. ARCHITECTURE (Principles of Design in), by E. L. Garbett, 

Architect, 2 vols 2s. 

20, 21. PERSPECTIVE, by G. Pyne, Artist, 2 vols. 3rd edition . . 2s. 

22. BUILDING, Art of, by E. Dobson, C.E. 2nd edition . . . . Is. 

23, 24. BRICK-MAKING, TILE-MAKING, &c.. Art of, by the same, 2 

vols. 2s. 

25, 26. MASONRY AND STONE-CUTTING, Art of, by the same, with 

illustrations 2s. 

27, 28. PAINTING, Art of, or a GR-iMMAR OF COLOURING, by George 

Field, 2 vols. 2nd edition 2s. 

29. DRAINING DISTRICTS AND L.\NDS, Art of, by G. D. Dempsey, 

C. E. 2nd edition Is. 

30. DRAINING AND SEWAGE OF TOWNS AND BUILDINGS, Art 

of, by the same. 2nd edition Is. 6<f. 

31. WELL-SINKING AND BORING, Art of, by G. R. BumeU, C. E. 

2nd edition Is. 

32. USE OF INSTRUMENTS, Art of the, by J. F. Heather, M. A. 3rd 

edition Is. 

33. CONSTRUCTING CRANES, Art of, by J. GUmn, F.R.S., C.E. 2nd 

edition Is. 

34. STEAM ENGINE, Treatise on the, by Dr. Lardner. 6th edition . Is. 

35. BLASTING ROCKS AND QUARRYING, AND ON STONE, Art of, 

by Lieut. -Gen. Sir J. Burgoyne, G.C.B., R.E.* 2nd edition . . Is. 

36. 37, 38, 39. DICTIONARY OF TERMS used by Architects, Builders, 

Engineers, Surveyors, Artists, Ship-builders, &c., 4 vols. 2nd edition 4s. 

40. GLASS-STAINING, Art of, by Dr. M. A. Gessert . . . . Is. 

41. PAINTING ON GLASS, Essay on, by E. 0. Fromberg . . .Is. 

42. COTTAGE BUILDING, Treatise on. 2nd edition . . . . Is. 

43. TUBULAR AND GIRDER BRIDGES, and others. Treatise on, more 

particularly describing the Britannia and Conway Bridges . . Is. 

44. FOUNDATIONS, &c.. Treatise on, by E. Dobson, C.E. . . , Is. 

45. LIMES, CEMENTS. MORTARS, CONCRETE, MASTICS, &c.. 

Treatise on, by G. R. Burnell, C.E. 2nd edition . . . .Is. 

46. CONSTRUCTING AND REP.A.IRING COMMON ROADS, Treatise 

on the Art of, by H. Law, C.E. 2nd edition Is. 

47, 48, 49. CONSTRUCTION AND ILLUMINATION OF LIGHTHOUSES, 

Treatise on the, by Alan Stevenson, C.E., 3 vols 3’- 

50. LAW OF CONTRACTS FOR WORKS AND SER^CES, Treatise 

on the, by David Gibbons. 2nd edition 1*- 
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51, 52, 63. NAV^ ARCHITECTURE, Principles of the Science, Treatise 
on, byj. Peake, N.A., 3to1s. . . . . . . . . 

63*. lAYING OFF SHIPS, being an Introduction to the Mould Loft of 
omp-isuilamg, by James Peake , , i. 

53**. THE LARGE OUTLINE ILLUSTRATIONS'OF DITTO ' . . 

64. MASTDIG, MAST-MAKING, AND RIGGING OF SHIPS, Treatise 

54*. m6N^SHIP^:SuS,DING, by J. G’rantham, C.E. ' . ' . ' . 

55, 56. NAVIGATION, Treatise on : THE SAILOR’S SEA-BOOK.— 
How to keep the Log and work it off— Latitude and Longitude- 
Great Circle Sailing— Law of Storms and Variable Winds ; and an 
explMaUon of Terms used, with coloured illustrations of Flairs. 
2 vols. 2nd edition .... 

07, 68. WARM^G ^D VENTILATION, Treatise’ on the Principles of 
tne Art of, by Charles Tomlinson, 2 vols 

59. SlEAM BOILERS, Treatise on, by R. Armstrong, C. E. 

60, 61. L^D AND ENGINEERING SURVEYING, Treatise on, 'by t! 

Baker, C. E., 2 toIs \ _ 

details, Introductory Sketches of, by Sir M. Stephenson, 

62*. I^LWAY WORKING IN GREAT BRITAIn’ Rudimentary’ 
Ireatise on ; numerous Statistical Details, Table of Capital and Divi- 
dend form of Revenue Account, Railway Clearing-house, &c.. &c.: 
by E. D. Chattaway, Vol. II. . . . . . . ’ ’ 

63, 64, AGRICULTURAL BUILDINGS, Treatise on the Constnlotion 
of, on Motive Power, and the Machinery of the Steading ; and on 
Agricultural Machinery ; by G. H. Andrews, 3 vols. 

66. CLAY LANDS & LOAMY SOILS, Treatise on, by Prof.Donaldson,A.E. 

67, 68. CLOCK AND WATCH-MAKING, AND ON CHURCH CLOCKS, 

Treatise on, by E. B. Denison, M.A., 2 vols 

69, 70. MUSIC, Practical Treatise on, by C. C. Spencer, 2 vols. 2nd edit. 

71. PIANO-FORTE, Instruction for Playing the, by the same. 

72, 73, 74, 76. RECENT FOSSIL SHELLS, Treatise (A Manual of the 

Molluscs) on, by Samuel P. Woodward, and illustrations, 4 vols. . 

76*. RECENT AND FOSSIL SHELLS, Treatise on, by S. P. Woodward, 
Supplementary Volume, with Plates Is. 

76, 77. DESCRIPTIVE GEOMETRY, Treatise on, by J. F. Heather, 
M.A., 2 vols . ; . . . ’ 

77*. ECONOMY OF FUEL, Treatise on, and on Reverberatory Furnaces for 
the Manufacture of Iron and Steam Boilers, by T. S. Prideaux, Esq. 

78, 79. STEAM AS APPLIED TO GENERAL PURPOSES AND LOCO- 
MOTIVE ENGINES, Treatise on, by J. Sewell, C. E., 2 vols. 

78*. LOCOMOTIVE ENGINE, Treatise on, by G. D. Dempsey, C.E. Is. 

79*. ATLAS OF PLATES to the above, consisting of existing Examples of 
EnginesfortheBroadandNaiTowGauge,theLinkMotion, &c.,in4to. 4*. 

79**. RUDIMENTARY WORK ON PHOTOGRAPHY, the Art of Pro- 
ducing Photographic Pictures on any material and in any colour ; 
and also Tables of the Composition and Properties of the Chemical 
Substances ; by Dr. H. Halleur, of Berlin 

80, 81. MARINE ENGINES, AND ON THE SCREW, &c.. Treatise on, 
by R. Murray, C. E., 2 vols. 3rd edition . ... 2s. 

80*, 81*. EMBANKING LANDS FROM THE SEA, The Practice of, 
by John Wiggins, F.G.S., 2 vols 

82, 82*. POWER OF WATER, AS APPLIED TO FLOUR MILLS, 
&c., 'Treatise on the, by Joseph Glynn, F.R.S., C.E. 
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83. BOOK-KEEPING, Treatise on, by James Haddon, M.A., 2nd edition. 1». 
82**, 83*, 83 (bis). COAL GAS, Practical Treatise on the Manufacture 

and Distribution of, by Samuel Hughes, C.E., 3 vols. . . .3*. 

82*«*. WATER WORKS FOR THE SUPPLY" OF CITIES AND 
TOWNS, Treatise on, with Description of Works which hare been 
Executed, and on Pumping from Wells, by Samuel Hughes, F.G.S., 

C.E., treble volume 3«. 

83**. CONSTRUCTION OF LOCKS, Treatise on the, with illustrations 1«. 6d. 
83 ibis). PRINCIPLES OF THE FORMS OF SHIPS AND BOATS, 

by W. Bland, 2nd edition 1*. 

84. ARITHMETIC, Elementary Treatise om the Theory, and numerous 

Examples for Practice, and for Self-Examination, by Prof, J. R. 

Young It.Bd. 

84*. KEY to the above, by the same If. 6<f. 

85. EQUATIONAL ARITHMETIC ; Questions of Interest,' Annuities, 

and General Commerce, by W. Hipsley, 2nd edition . . .If. 

85*. Supplementary Vol. to the above, containing Tables for the Calcula- 
tion of Simple Interest, together with Logarithms for Compound 
Interest and Annuities, &c., &c., by W. Hipsley , . . .If, 

86. 87. ALGEBRA, Elements of, for the use of Schools tmd Self- 

Instruction, by James Haddon, M.A., 2 vols 2f. 

86*, 87*. ELEMENTS OF ALGEBRA, Key to the, by Prof. Young . If. 6d. 

88, 89. GEOMETRY, Principles of, by Henry Law, C.E., 2 vols. . . 2f. 

90. GEOMETRY, ANALYTICAL, by James Hann If. 

91, 92. PLAIN AND SPHERICAL TRIGONOMETRY, Treatises on, by 

the same, 2 vols 2f. 

93. MENSURATION, Elements and Practice of, by T. Baker, C.E. . . If. 

94, 95. LOGARITHMS, Treatise on, and Tables for facilitating Nautical, 

Trigonometrical, and Logarithmic Calculations, by H. Law, C.E., 

2 vols 2f. 

96. POPULAR ASTRONOMY, Elementary Treatise on, by the Rev.”' 

Robert Main, M.R.A.S If. 

97. STATICS AND DYNAMICS, Principles and Practice of, by T. 

Baker, C.E . If. 

98. 98*. MECHANISM AND PRACTICAL CONSTRUCTION OP MA- 

CHINES, Elements of, by the same, 2 vols. in 1 . . . . 2f. 

99, 100. NAUTICAL ASTRONOMY AND NAVIGATION, Theory and 

Practice of, by Prof. Young. 2 vols.in 1. (TABLES additional. If. 6d.) 2f. 

101. DIFFERENTIAL CALCULUS, by W. S. B. WooLhouse, F.R.A.S. If. 
101*. WEIGHTS AND MEASURES OF ALL NATIONS ; comprising 

full information of Distances, Weights, Coins, and the various 
Divisions of Time, on Rates of Exchange, &c., by W. S. B. 
Woolhouse, F.R.A.S If. 6<f. 

102. INTEGRAL CALCULUS, by Homersham Cox, M.A. . . .If. 

103. INTEGRAL CALCULUS, Collection of Examples of the, by James 

Hann If. 

104. DIFFERENTIAL CALCULUS, CoUection of Examples of the, by 

J. Haddon, M.A i . . If. 

105. ALGEBRA, GEOMETRY, AND TRIGONOMETRY, First Mnemoni- 

cal Lessons in, by the Rev. Thomas Penyngton Kirkman, M.A If. 6d. 

106. SHIPS’ ANCHORS FOR ALL SERVICES, Rudimentary and Com- 

prehensive, by George Cotsell, upwards of 100 illustrations . If. 6d, 

107. METROPOLITAN BUILDINGS ACT, passed August, 1855, with 

Notes 2s. 6d, 
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108. IfflTTlOPOIJTAN LOCAL MANAGEMENT ACT, passed August, 

1865, with Notes, and with the Amended Act of 19 & 20 Viet. 1*. 6d, 

109. LIM^D LIABELITT AND PARTNERSHIP ACT, passed August, 

l°o0 » together with the required references to the Acts of Victoria . 1*. 

110. FIVE RECENT LEGISLATIVE ENACTMENTS, for Contractors, 

Merchants, and Tradesmen 

111. T]^ NUISANCES REMOVAL AND DISEASES PREVENTION 





112. DOMESTIC MEDICINE ; or complete and comprehensive Instruc- 
Self- Aid, by M. Raspail, translated for the use of the British 
Pnblw 1». 6<f. 



113. USE OF FIELD ARTILLERY ON SERVICE, by Capt. Taubert, 

translated by Captn. H. H. Maxwell . . ■ . . . Is. 6<f. 



SXTPPLEMBNTART VOLUMES of the Eudmentary Seriee, PublUhed 
and Preparing for Publieation, for the yeare 1868 and 1869 : — 

114. RUDIMENTARY TREATISE OP MACHINERT : The Machine in 
its Elements, Praotioe, and Purpose, by Chas. D. Abel, C.E., wood- 

cuts Is. 6d. 

116. RUDIMENTARY TREATISE OP MACHINERT, Atlas of Plates 
to ditto, of several lands of Machines, drawn to scale for practical 
application, 14 plates large 4to 4s. 6<f. 

116. RUDIMENTARY TREATISE ON ACOUSTICS : The Elements, 

Practice, and Distribution of Sound in Public and Private Buildings, 
by G. R. BumeU, Archt. and C.E Is. 

117. RUDIMENTARY TREATISE ON THE PRACTICE IN CANAL 

AND RIVER NAVIGATION, by G. R. BumeU, C.E., with 
numerous wood-cuts Is. 6<f. 

118. RUDIMENTARY SKETCH OP THE CIVIL ENGINEERING OF 

NORTH AMERICA, by David Stevenson, of Edinburgh, C.E., with 
Plates, Vol. I. 2nd ecution Is. 6<f. 

119. Ditto, ditto, Vol. II Is. 6d. 

120. RUDIMENTARY TREATISE ON HYDRAULICS, by Q. R. 

BumeU, C.E. Is. 6d. 

121. RUDIMENTARY TREATISE ON RIVER ENGINEERING, by 

G. R. BumeU, C.E Is. 6<f. 

122. RUDIMENTARY TREATISE ON FLUIDS, by G. R. BumeU, C.E. Is. 

123. RUDIMENTARY TREATISE ON CARPENTRY AND JOINERY, 

edited by E. L. Garbett, Areht., witb wood-cuts ... Is. 6d. 

124. RUDIMENTARY TREATISE ON ROOFS FOR PUBLIC AND 

PRIVATE BUILDINGS, by E. L. Gkurbett, Archt., with plates . Is. 6d. 

125. RUDIMENTARY TREATISE ON THE COMBUSTION OF COAL 

AND THE PREVENTION OF SMOKE, ChemicaUy and Practically 
Considered, by Chas. Wye WiUimns, M.I.C.E, with numerous 

wood-cuts. 3rd edition . Is. 6d. 

126*. Hlustrations to ditto Is. 6if. 

*«* The above Supplementary Volumes are of an important character, and add 
considerably to the usefulness of an already admitted and most yaluable serie.s 
of technical works : the established reputation of which, and the extensive sale 
in aU parts of the world, has given a cheering result of a long and laborious 
task, and on which a very large capital has been expended. 
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MR. WEALE’S 

NEW SERIES OF EDUCATIONAL WORKS. 



I., n. 

CONSTITUTIONAL HISTORY OF ENGLAND. 2 Vok. By 

W. D. HiJCiLTOzr. 2«. 

iir., IT. 

CONSTITUTIONAL HISTORY OF ENGLAND DOWN TO 

VICTORIA. By W. D. Hamiltoit. 2$. 



OUTLINES OF THE HISTORY OF GREECE. By K Lkvien, 

SLA. Vol. I. 1*. 

VI. 

OUTLINES OF THE HISTORY OF GREECE, VOL. II, 

TO ITS BECOMING A BOHAN PROVINCE. By E. Lkvien, H.A. 1a 6d. 

TIL 

OUTLINE HISTORY OF ROMK By K Levien, M.A. VoL L 

lA 

Tin. 

OUTLINE HISTORY OF ROME, VOL. II, TO THE 

DECLINE. By E. Levixn. 1a 6d. 

IX., X. 

A CHRONOLOGY OF CIVIL AND ECCLESIASTICAL 

HISTORY, LITERATURE, ART, AND CIVILISATION, FROM THE 
EARLIEST PERIOD TO 1866. 2 Vol*. 2«. 6d. 

XL 

GRAMMAR OF THE ENGLISH LANGUAGE, FOR USE 

IN SCHOOLS AND FOB PRIVATE INSTRUCTION. By Hyde Clarke, 
D.O.L. lA 

xn., xin. 

DICTIONARY OF THE ENGLISH LANGUAGE. A New 

And Comprc!»ed DisUonary of the English Tongue, ns Spoken and Written, in- 
cluding above 100,000 WoroA or 60,000 more than in any Existing Work, and 
including 10,000 Additional Meanings of Old WordA By Htdb Clabke, D.C.L. 
SVolAinl. 2t.6d. 

XIV. 

grammar of the GREEK LANGUAGE. By H. a 

Hamilton. It, 

XV,, XVI, 

DICTIONARY OF THE GREEK AND ENGLISH LAN- 

GUAGE. By H. R. Hauiltoh. 2 Vols. in 1. 2 a 

XTIL. xvtu. 

DICTIONARY OF THE ENGLISH AND GREEK LAN- 

GUAGES. By H. R. Hahiltok. 2 Vols. in L 2 a 

XIX. 

GRAMMAR OF THE LATIN LANGUAGE. By T. Goodwin, 

of Orecnwich. 1 a 

XX., XXL 

DICTIONARY OF THE LATIN AND ENGLISH LAN- 

GUAGES, by T. Goodwik of Greenwich. VoL I. it. 
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XXII., XXIII. 

DICTIONARY OF THE ENGLISH AND LATIN LAN- 

GUAGES. By T. Goodwik of Greenwich. VoL IL 1*. 6d. 

XXIT. 

GRAMMAR OF THE FRENCH LANGUAGE. By Dr. Strauss, 

late Lecturer at Besaiifon. 1«. 

XXV. 

DICTIONARY OF THE FRENCH AND ENGLISH LAN- 

GUAGES. By A. Elwes. VoL I. If. 

XXVI. 

DICTIONARY OF THE ENGLISH AND FRENCH LAN- 

GUAGES. By A. Elwes. VoL IL 1*. 6d. 

XXVIL 

GRAMMAR OF THE ITALIAN LANGUAGE. By A. Elwes. U 

xxvin., XXIX* 

DICTIONARY OF THE ITALIAN, ENGLISH, AND FRENCH 

LANGUAGES. By A. Elwes. Vok I. 2f. 

XXX., XXXI. 

DICTIONARY OF THE ENGLISH, ITALIAN, AND FRENCH 

LANGUAGES. By A. Elwes. VoL II. 2f. 

xxxiL, xxxin. 

DICTIONARY OF THE FRENCH, ITALIAN, AND ENGLISH 

LANGUAGES. By A. Elwes. VoL III. 2f. 

XXXIV. 

GRAMMAR OF THE SPANISH LANGUAGK By A 

Elwes. Is. 

XXXV., XXXVI. 

DICTIONARY OF THE SPANISH AND ENGLISH LAN- 

GUAQE8. By A, Elwes. VoL I. 2s. 

xxxvTt., xxxvin. 

DICTIONARY OF THE ENGLISH AND SPANISH LAN- 

GUAGES. By A. Elwes. VoL II. 2i. 

XXXIX. 

GRAMMAR OF THE GERMAN LANGUAGE, By Du. 

Strauss. Is. 

XL. 

CLASSICAL GERMAN READER, FROM THE BEST 

AUTHORS. If. 

XLI., XLII., XLni. 

DICTIONARIES OF THE ENGLISH, GERMAN, AND 

FRENCH LANGUAGES. By N. E. HAMILTON. 3 Vola. 3f. 

XUV., XLV. 

DICTIONARY OF THE HEBREW AND ENGLISH, AND 

ENGLISH AND HEBREW LANGUAGES, CoKTAUriwo all the Biblical ajid 
Rabbinical Words. S VoIs. (together with the Grammar, which may be had 
separately for If.) By Da. Bresslav, Hebrew Fiufessor, lOf, 
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EDUCATIONAL WORKS. 



THE 

SERIES OF EDUCATIONAL WORKS 

KILT. ON SALE IN TWO KINDS OF BINDING. 



HAMILTON’S Oatlinos of the History of England, 4 voU. in 1, boond in cloth . 6$. 

Ditto, in half morocco, gilt, marbled edges Hi. Od. 

LEVIEN’S History of Greece, 2 toIs. in 1, bound in cloth . ... St. td. 

Ditto, in half morocco, gilt, marbled edges .4s. 

History of Rome, 2 toIb. in 1, bound in cloth .... 8s. 6d. 

Ditto, in half morocco, gilt, marbled edges 4s. 

CHRONOLOGY of Civil and Ecclesiastical History, Literature, Art, Ac., 2 vols. 

in 1, bound iu cloth |8s. 6d. 

Ditto, in half morocco, gilt, imarbled edges 4s. 

CLARKE'S Dictionary of the English Language, bound in cloth . . . 4s. 6d. 

in half morocco, gilt, marbled edges 5s. 

bound with Dr. Clarke's English Grammar, in cloth ... 6s. 6d. 

Ditto, in half morocco, gilt, marbled edges 6|. 

HAMILTON’S Greek and English and English and Greek Dictionary, 4 vols. in 1, 

bound iu cloth 6s. 

— — — Ditto, iu half morocco, gilt, marbled edges 6s. 6d. 

Ditto, with the Greek Grammar, bound in cloth 6s. 

Ditto, with Ditto, in half morocco, gilt, marbled edges . . .6s. 6d. 

GOODWIN’S Latin and English and English and Iiatin Dictionary, 2 vola in 1, 

bound in cloth 4s. 6<l. 

Ditto, in half morocco, gilt, marbled edges 5s. 

Ditto, with the Latin Grammar, bound in cloth .... 5s. 6d. 

Ditto, with Ditto, in half morocco, gilt, marbled edges . . . . 6i: 

EL WES’S French and English and English and French Dictionary, 2 vols. in 1, 

iu cloth . . 8s. 6d. 

Ditto, iu half morocco, gilt, marbled edges 4s. 

Ditto, with the Preneh Grammar, bound in cloth . . . . is. 6<f. 

Ditto, with ditto, in half morocco, gilt, marbled edges . . . .6s. 

FRENCH and English Phrase Book, or Vocabulary of all Conversational Words, 
elaborately sot forth for Travelling Use, as a Self-Interpreter, bound . . Is. 6d. 

ELWES’S Italian, Ei^lish, and French, — English, Italian, and French, — ^French. 
Italian, and English Dictionary, 3 vols. iu 1, bound in cloth . . . 7i. 6d. 

Ditto, in half morocco, gilt, marbled edges 8s. 6d. 

Ditto, with the Grammar, bound in embossed cloth, marbled edges 8s. Od. 

Ditto, with Ditto, in half morocco, gilt, marbled edges . . . .6s. 

ELWES'S Spanish and English and English and Spanish Dictionary, 4 vols. in 1, 

bound in cloth 6s: 

Ditto, in half morocco, gilt, marbled edges 6s. 6d. 

Ditto, with the Grammar, bound hi cloth 6s. 

Ditto, with Ditto, in half morocco, gilt, marbled edges . . , St. Od. 

HAMILTON’S English, German, and French, — German, French, and English,— 
French, German, and English Dictionary, 3 vols. in 1, bound in cloth . . . 4s. 

Ditto, in h.ilf morocco, gilt, marbled edges 4s. 6d. 

Ditto, with the Grammar, bound in embossed cloth, marbled edges . 6s. 

— Ditto, with Ditto, iu half morocco, gilt, marbled edges . . .6s. Od. 

BRESI.AU’S Hebrew and English Dictionary, with the Grammar, 2 vols. in 1, 

bound in cloth 8s. Od, 

• Ditto, 2 vols. in 1,' in half mOrooco, 8s. Od . — With vol. 3, English and 

Hebrew . 12s. Od. 
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GREEK MD LATIN CLASSICS. 



PBIOB ONB BHIUJNG PKB VOLUME, 

Except In Some Instances, and those are at Is. 6ci. or 8s. each 

▼XET nSTLT FBIBTED OIT OOOD FARB, 

t 

A SERIES OF VOLUMES 

OOKTAININO THM 

PRINCIPAL GREEK AND UTIN AUTHORS, 

ACOOKFAinXD BY 

EXPLANATORY NOTES IN ENGLISH, PRINCIPALLY SELECTED PROM 
THE BEST AND MOST RECENT GERMAN COMMENTATOBS, 

Am> OOUFBISWO 

All those Works that arc essential for the Scholar and the PnpQ, and 
applicable for use at the Universities of Oxford, Cambridge, Edinburgh, 
Glasgow, Aberdeen, and Dublin, — ^the Colleges at Belfast, Cork, Galway, 
Winchester, and Eton, and the great Schools at Harrow, Rugby, &a, — 
also for Private Tuition and Instruction, and for tho Library. 

Vols. 1, 2, 3, 4, 5, 6, 7, 8, 9, 16, 17 of the Latin Series hav e appeared. 
Of the Greek Series, vols. 1, 2, 8, 4, 6, 6, 9, 18, 41 also have been 
published, and will be regularly continued. 



LATIN SERIES. 

1. A Now LATIN DBLBOTUS, OE Ihtboductobt Classioal Readeb, consisting ot 
Extracts from the best Authors, systematically arranged; accompanied by 
Grammatical and Bxplanatory Notes and Copious Vocabularies. 

3. C.®3AR’S COMMENTARIES ON THE GALLIC WAR: with Grammatical 

and Explauatory Notes in Bnglisb, and a complete Geographical Index. 
CORNELIUS NEP08 ; with English Notes, Ac. 

4. VIRGIL. The Oioroics, Boooucs, aud doubttui. Works ; with English Notes, 

chiefly from the German. 

VIRGIL’S A:NEID (on the same plan as the preceding). 

HORACE. Odes and Epodn ; with English Notes, an Analysis of each Ods^ 
and a full explanation of the metres. 

7. . HORACE. Satuibs ahd Epistles, with English Notes, Ac. 

8. SALLUST. COKSPIBAOT OP CATMirB, AKD JuouBTHiirx Wab. 

9. TERENCE. AnDRIA ahd HBAUTOHTIlIOBDlfENOe. 

10. TERENCE. Phobmio, Adxlphi, ahd Hbotba. 

11. CICERO. Orattoks; aqaihst Catiuhb, fob Sulla, for aacniAS, ahd pob 

tub Manilian Law. 
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GREEK AND LATIN CLASSICS. 



13. CICEIIO. First and Secoms Philippics ; Orations roR Mno, roR Hasollub, 

AND FOB LIOARICS. 

lA CICEBO. D* Officiis. 

U. CICERO. De AmcnTA, DC ScHccnm, and Brvtus. 

1ft. JUVENAL AND PERSID8. 

16. LIVT. Books I. to V., in 2 ports, 
ir. LIVT. Books XXI. and XXII. 

lA TACITUS. Aobicola ; Germania ; and Annals, Book I. 

13. SELECTIONS FROM TIBULLUS, OVID, PROPERTIUS, AND LUCRETIUS. 
•20. SELECTIONS PROM SUETONIUS, AND THE LATER LATIN WRITERS. 



GREEK SERIES. 



1. INTRODUCTORY GREEK 

READER. On the same plan as 
the liotin Reader. 

2. XENOPHON. Anabasis, L, II., III. 

5. XENOPHON. Anabasis, IV., V, 

VI. , VII. 

a. LUCIAN, Select Dialogces. 

6. HOMER. Iliad, I. to VI. 

A HOMER. Iliad, VII. to XII. 

T. HOMER. Iliad, XIII. to XVIII. 

8. HOMER. Iliad, XIX. to XXIV. 

9. HOMER. Odyssey, I. to VI. 

10. HOMER. Odyssey, VII. to XII. 

11. HOMER. Odyssey, XIII. to XVIII. 

12. HOMER. Odyssey, XIX. to XXIV.; 

AND Hymna 

18. PLATO. Apology, Crito, and 
Pnsdo. 

14. HERODOTUS, I., IL 

15. HERODOTUS, III., IV. 

16 . HERODOTUS, V., VI., and part of 

VII. 

17. HERODOTUS. Remainder of VII., 

VIIL, and IX 

18. SOPHOCLES. (Bdipus Rex. 

13. SOPHOCLES. (Bdipus Coloneus. 
20. SOPHOCLES. Antioonk. 

SL SOPHOCLB& Ajax. 

23. SOPHOCLES. Philoctetes. 



23. EURIPIDES. Hecuba. 

24. EURIPIDES. Medea. 

25. EURIPIDES. Hippolytus, 

26. EURIPIDES. Alcestia 

27. EURIPIDES. Orestsb. 

28. EURIPIDES. Extracts FROM the 

Remainino Plays. 

29. SOPHOCLES. Extracts from the 

Remaining Plays. 

SO. .XSCHTLUS. PbometheusVinctua 

31. .aSCHYLUS. Persai. 

32. .£SCHYLUS. Beptem contra The- 

BAA 

33. .£SCHYLUS. ChoXphoral 

34. iESCHYLUS. Eumenidea 

35. .£SCHYLUS. Agamemnon. 

36. iESCHYLUS. Suppucea 

37. PLUTARCH. Select Lives. 

38. ARISTOPHANES. Clouda 
89. ARISTOPHANES. Proga 

40. ARISTOPHANES. SxLEcnoNSFROU 

THE Remaining Comedies, 

41. THUCYDIDES, I. 

42. THUCYDIDES, II. 

43. THEOCRITUS. Select Idyla 

44. PINDAR. 

46. ISOCRATES. 

46. HESIOD. 



Preparing for Publication, 

ORATORY AND PUBLIO SPEAKING. 

A FIRST BOOK for Youths of Ten Years of A(fe, of well selected Readings, and for 
Practice in Oratory and the inculciition of Elocution ; adapted for RccitatinDa and 
Gesture, and the improvement of Voice and Pronunciation. To be used in Schools 
and for Home Instruction. 

SECOND B(X)K for Youth of Fifteen Years of Age and upwardA ReadingA 
Speaking, Pronunciation, and Elocution, for Public and Private Schools, and for 
Home Fr^tice. 

THIRD BOOK for Young Hen, for Public Speaking, LegislativA Iiegol, be., Recita- 
tions in Schools and Colleges, selected fiom the Greek, Latin, and English 
Authors. 
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In one Volume large 8ro., with 13 Plates, Price One Guinea, 
in half-morocco binding, 



MATHEMATICS 

TOK 

PRACTICAL MEN: 



BEIHO 

A COMMON-PLACE BOOK 

OF 

PURE AND MIXED MATHEMATICS, 



SXSIOITED OHIBFLT FOR THE USE 0? 

CIVIL ENGINEERS, ARCHITECTS, AND SURVEYORS. 



BY OLINTHUS GREGORY, LL.D., F.R.A.S. 



THIRD EDITION, REVISED AND ENLARGED. 

BY HENRY LAW, 

OITIL EROINUB. 
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CONTENTS. 



PAET I.— PURE 
CHAPTER I. — Abithmstio. 

S»CT. 

1. Definitions and Notation. 

2, Addition of Whole Numbers. 

8. Subtraction of Whole Numbers. 

4. hlnltiplication of Whole Numbers. 

6. Division of Whole Numbers. — Proof of 
the first Four Rules of Arithmetic. 

6. ^ulgar Fractions. — Reduction of Vul- 

^ FracUons. — Addition and Sub- 
traction of Vulgar Fractions. — Mul- 
tiplication and Division of Vulgar 
Fractions. 

7. Decimal Fractions. — Reduction of 

Decimals. — Addition and Subtrac- 
tion of Decimals. — Multiplication 
and Division of Decimals. 

8. Complex Fractions used in the Arts 

and Commerce. — Reduction. — Addi- 
tion. — Subtraction and Multiplica- 
tion. — Division. — Duodecimals. 

9. Powers and Roots. — Evolution. 

10. Proportion. — Rule of Three. — Deter- 

mination of Ratios. 

11. Logarithmic Arithmetic. — Use of the 

Tables. — Multiplication and Division 
bf Logarithms. — Proportion, or the 
Rule of Three, by Logarithms. — 
Evolution and Involution by Log- 
arithms. 

12. Properties of Numbers. 

CHAPTER II. — Alqbbba. 

1. Definitions and Notation. 

2. Addition and Subtraction. 

5. Multiplication. 

4. Division. 

b. Involution, "f 
tj. Evolution. 

7. Surds. — Reduction. — Addition, Sub- 

traction, and Multiplication. — Di- 
vision, Involution, and Evolution. 

8. Simple Kquations. — Extermination. — 

Solution "f General Problems. 



MATHEMATICS. 

SecT. 

9. Quadratic Equations. 

10. Equations in General. 

11. Progression. — Aritbme'tical Progres 

sion. — Geometrical Promssion. 

12. Fractional and Negative Exponents. 

13. Logarithms. 

14. Computation of Formulae. 

CHAPTER III.— Gbomtbt. 

1. Definitions. 

2. Of Angles, and Bight Lines, and their 

Rectangles. 

8. Of Triangles. 

4. Of Quadrilaterals and Polygons. 

5. Of the Circle, and Inscribed and Cir- 

cumscribed Figures. 

6. Of Planes and ^lids. 

7. Practical Geometry. 

CHAPTER IV Mihsukatiok. 

1. Weights and Measures. — 1. Measures 

of Length. — 2. Measures of Surfitce. 
— 3. Measures of Solidity and Ca- 
pacity. — 4. Measures of Weight — 

6. Angular Measure. — 6. Measure of 
Time. — Comparison of English and 
French Weights and Measures. 

2. Mensuration of Superficies. 

3. Mensuration of Solids. 

CHAPTER V. — Tbioohometbt. 

1. Definitions and Trigonometrical For- 

mulm. 

2. Trigonometrical Tables. 

3. General Propositions. 

4. Solution of the Cases of Plano Trian- 

gles. — Right-angled Plane Triangles. 
6. On the application of Trigonometry 
to Measuring Heights and Distances. 
— Determination of Heights and 
Distances by Approximate Mechani 
c.al Methods. 
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CHAPTEE VI. — CoHio Seoiiom. 

Sbct. 

1. Definitioni. 

2. Propertiet of the Ellipie. — Problem* 

reUting to the Ellipse. 

8. Propertie* of the Hyperbola. — Pro- 
blem* relating to the Hyperbola. 

4, Propertie* of the Parsbohi. — Problems 
relating to the Parabola. 



CHAPTEE VII. — PnopsKUts op 
Cdbvbs. 

SSCT. 

1. Definitions. 

2. The Conchoid. 

3. The Cissoid. 

4. The Cycloid imd Epicycloid. 

6. The Quadratriz. 

6. The Catena^. — Table* of Bektioo 
of Catenarian Curre*. 



PART II.— MIXED MATHEALATICS. 



CHAPTEE I. — Mxohakios in Gbnebal. 

CHAPTEE II. — Statics. 

1. Statical Equilibrium. 

2. Center of GruTity. 

8. General application of the Principles 
of Statics to the Equilibrium of 
Structures. — Equilibrium of Piers 
or Abutments. — Pressure of Barth 
against Wall*. — Thickness of Walls. 
— Equilibrium of Polygons. — Sta- 
bility of Arches. — Equilibrium of 
Suspension Bridges. 

CHAPTEE III.— Dtkajiics. 

1. General Definitions. 

2. On the General Laws of Uniform and 

Variable Motion. — Motion uniformly 
Accelerated. — Motion of Bodies un- 
der the Action of Grayity. — Motion 
orer a fixed Pulley. — Motion on 
Inclined Planes. . 

3. Motions about a fixed Center, or Axis. 

— Centers of Oscillation and Per- 
cussion. — Simple and Compound 
Pendulums. — Center of Gymtion, 
and the Principles of Eotation. — 
Central Forces. — Inquiries connected 
with Eotation and Central Forces. 

4. Percussion or Collision of Bodies in 

Motion. 

6. On the Mechanical Powers. — Lerers. 
— Wheel and Axle. — Pulley. — In- 
oliDcd Plane. — Wedge and Screw. 



CHAPTEE IV. — Htdkobtaiios. 

1. General Definitions. 

2. Pressure and Equilibrium of Kon- 

elastic Fluids. 

3. Floating Bodies. 

4. Specific Gravities. 

6 . On Capillary Attraction. 

CHAPTEE V. — Htdeodthamics. 

1. Motion and Effluence of Liquids. 

2. Motion of Water in Conduit Pipes 

and Open Canals, over Weirs, &c. — 
Velocities of Eivers. 

8. Contrivances to Measure the Velocity 
of Eunning Waters. 

CHAPTER VI. — PiTBtjitAiics. 

1. Weight and Equilibrium of Air and 

Elastic Fluid*. 

2. Machines for Raising Water by the 

Pressure of the Atmosphere. 

3. Force of the Wind. 

CHAPTER VII. — Mechanical AaENTs. 

1. Water as a Mechanical Agent. 

2. Air as a Mechanical Agent — Cou- 

lomb's Experiments. 

3. Mechanical Agents depending upon 

Heat The Steam Engine. — Table 
of Pressure and Temperature of 
Steam. — General Description of the 
Mode of Action of the Steam Engine. 
— Theory of the Steam Engine. — 
Description of tho various kinds of 
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Engines, and the Fonnalte for calen- j 
Uting their Power, — Practical appli- 1 
cation of the foregoing Pormnlse. 

4. Animal Strength as a MechanicalAgent 

CHAPTER VIII. — SiBKHOTH or 
Matebials. 

1. Results of Experiments, and Principles 

npon which they should he practically 
applied. 

2. Strength of Materials to Resist Tensile 

and Crushing Strains. — Strength of 
Colomns. 



SacT, 

8. Elasticity and Elongation of Bodies 
subjected to a Crushing or Tensile 
Strain. 

4. On the Strength of Materials subjecte 

to a Transrerse Strain. — Long! 
tudinal form of Beam of nniform 
Strength. — Transverse Strength of 
other Materials than Cast Iron.^ — 
The Strength of Beams according to 
the manner in which the Load is 
distributed. 

5. Elasticity of Bodies subjected te a 

Transverse Strain. 

6. Strength of Materials to resist Torsion. 



APPENDIX 

I. Table of Logarithmic Differences, 
n. Table of Logarithms of Numbers, ftom 1 to 100. 

III. Table of Logarithms of Numbers, from 100 to 10,000, 

IV. Table of Logarithmic Sines, Tangents, Secants, &c. 

V. Table of Useful Factors, extending to several places of Decimals. 

VI. Table of various Useful Numbers, with their Logarithms. 

VII. A Table of the Diameters, Areas, and Circumferences of Circles and also the 

sides of Equal Squares. 

VIII. Table of the Relations of the Arc, Abscissa, Ordinate and Subnormal, in the 
Catenary. 

IX. Tables of the Lengths and Vibrations of Pendulums. 

X. Table of Specific Gravities. 

XI. Table of Weight of Materials frequently employed in Construction. 

XII. Principles of Chronometers. 

XIII. Select Mechanical Expedients. 

XIV. Observations on the Effect of Old London Bridge on the Tides, &c. 

XV. Professor Parish on Isometrical Perspective. 



In 18mo., in boards, comprising 390 pages, price 5s. 

A SYNOPSIS OF PRACTICAL PHILOSOPHY, 

alphabetically arranged, containing a great variety of Theorems, Formuls, 
and Tables, from the roost accurate and recent authorities in vanoas bnmcbes 
of Mathematics and Natural Philosophy: with Tables of Logarithms. 

By the Rev. JOHN CARR, M.A., late Fellow of Trinity College, Cambridge. 
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HINTS 

TO 

YOUNG ARCHITECTS: 

COUFRlSUta 

ADVICE TO THOSE WHO, WHILE YET AT SCHOOL ARE DESTINED 
TO THE PROFESSION; 

SUCH AS, HAYINQ PASSED THEIR PUPILAGE, ARE ABOUT TO TRAVEL 

AND TO THOSE WHO, HAVING COMPLETED THEIR EDUCATION, 

ARE ABOUT TO PRACTISE: 

TOQETHKK WITH 

A MODEL SPECIFICATION: 

INVOLVING A GREAT VARIETY OF INSTRUCTIVE AND SUGGESTIVE MATTER 
CALCULATED TO FACILITATE THEIR PRACTICAL OPERATIONS; 

AND TO DIRECT THEM IN THEIR CONDUCT, AS THE RESPONSIBLE 
AGENTS OF THEIR EMPLOYERS, 

AND AS THE RIGHTFUL JUDGES OF A CONTRACTOR’S DUTY. 

By GEORGE WIGHTWICK, Architect. 



CONTEXTS : — 



Preliminary Hints to Young Archi- 
tects on the Knowledge of 
Drawing. 

On Serving his Time. 

On Travelling. 

His Plate on the Door. 

Orders, Plan-drawing. 

On his Taste, Study of Interiors. ; 

Interior Arrangements. ! 

Warming and Ventilating. 

House Building,' Stabling. 

Cottages and Villas. 

Model Specification : — j 

General Clauses, 

Foiindatious. j 

Well. I 

Artificial Foundations. I 

Brickwork. j 

Rubble Masonry with Brick | 

Mingled. i 



Model Specification : 

Stone-cutting. 

, Grecian or Italian only. 

, Gothic only. 

Miscellaneoua 

Slating. 

Tiling. 

Plaster and Cement-work. 
Carpenters’ Work. 

Joiners’ Work. 

Iron and Metal-work. 

Plumbers’ W ork. 

Drains ije. 

Well-digging. 

Artificial Levels, Concrete, 
Foundations, Piling and 
Planking, Paving, Vaulting, 
Bell-hanging, Plumbing, and 
Building generally. 
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la One laige Yolome OctaTo, Bleren Hundred Pages, with numerous 
Engravings, prise II. 8s., 



A GENERAL TEXT BOOK, 

rOR THS 

CONSTANT USE AND BEFERENCB OF 

ARCHITECTS, ENGmEERS. SURVEYORS, SOLICITORS, 
AUCTIONEERS, LAND AGENTS, AND STEWARDS, 

Dt aU. THXIB BEVBRAL ASB TABIED FROIEBSIOITAI. OOCTTFATIONB I 

AMD FOR THR 

ASSISTANCE AND GUIDANCK OF 

COUNTRY GENTLEMEN AND OTHERS 

xiraA.OE2> nx thr 

TEANSFER, MANAGEMENT, OR IMPROVEMENT OF 
LANDED PROPERTY: 

OONTAIKINO 

THEOREMS, FORMUL>E. RULES, AND TABLES 

0 OROURTRT, URNSUIUTIOK, AFtD TRIGONOMETRY ; LAND MRABURIKO, 6URTRTING. 
AND LEYRLLINO; RAILWAY AND HYDRAULIC EKOINRRRINO ; TIMBRE KRAflUR* 
INO; THR TALU AVION OR ARTIFICERS’ WORK, RBTATR8, LRASRHOLD8, LIFRHOLD^ 
ANNUiriRS^ TILLAOR8, rARHlNO STOCK, AND TENANT RIGHT; THR AB6SBSMXHT 
or FARISBE8, RAILWAYS, GAS AND WATER WORKS; THR LAW OF DILAPIDA- 
TIONS AND NUISANCES, APPRAISEMENTS AND AUCTIONS, LANDLORD AND 
TENANT, AGREEMENTS AND LEASES. 

TOGETHER WITH EXAMPLES OF VILLAS AND COUNTRY HOUSES. 

BY EDWARD RYDE, 

Civil Engineer and 1/ind Surveyor, Author of several Professional Works. 



TO WHICH ARB ADDED SEVERAL CHAPTSBS ON 

AGRICULTURE AND LANDED PROPERTY. 



BY PROFESSOR DONALDSON, 

Author of leveral Works on Agriculture. 
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CONTENTS. 

Cbaptzb L — Abithuetio. 1. Notation — 2. Proof of the First Four 
Rules — 8. Vulgar Fractions — A Decimals — 6. Duodecimals — 6. Power* 
and Boots — 7. Properties of Numbers — 8. Logarithms and Mathe- 
matical Tables. 

IL — PijlNK and Solid Geometbt. 1. Definitions— 2. Of Angles 
and Right Lines, and their Rectangles — 8. Of Triangles — 1. Of Quad- 
rilatei^ and Polygons — 6. Of the Circle, and Inscribed and Circum- 
scribing Figures — 6. Of Planes and Solids — 7. Practical Geometry. 

IIL — Mbnsdbation. 1. Comparison of English and French Weights 
and Measures — 2. Mensuration of Superficies — 3. Mensuration of SoUds. 

IV. — TniaoHOMETRY. 1. Definitions and Trigonometrical Formulse — 
2. General Propositions — 3. Solution of the Cases of Plane Triangles. 

V. — CoNio Sections. 

VI. — Land Measdbino. Including Table of Decimals of an Aero — 
Table of Land Measure, by dimensions taken in yards. 

VII. — Land Sobvetino. 1. Parish and Estate Surveying — 2. Trigo- 
nometrical Surveying — 3. Traverse Surveying — 4. Field Instruments, 
the Prismatic Compass ; the Box Sextant ; the Theodolite. 

VIIL — Levellino. Levelling Instruments, the Spirit Level ; the Y 
Level; Trough ton’s Level; Mr. Qravatt’s Level; Levelling Staves — 
Examples in Levelling. 

IX. — PLOTTiNa Embracing the Circular Protractor — ^The T Square 
and Semicircular Protractor — Plotting Sections. 

X. — Computation op Abkas. The Pediometer — ^The Computing 
Scale — Computing Tables. 

XI. — CoPTiNO Maps. Including a description of the Pentagraph. 

XII. — ^Railway Subveyino. 1. Exploration and Trial Levels; 
Standing Orders. — 2. Proceedings subsequent to the Passing of the Act; 
Tables for Setting out Curves ; Tables for Setting out Slopes ; Tables of 
Relatiye Gradients ; Specification of Works to be execute in the con- 
struction of a Railway ; Form of Tender. 

XIIL — Colonial Subveyino. 

XIV. — Hydraulics in connection with Dbainaoe, Sewebaoe, 
AND Water Supply. — With Synopsis of Ryde’s Hydraulic Tables — 
Specifications, Iron Pipes and Castings ; Stone-Ware Drain Pipes ; Pipe 
Laying; Reservoir. 

XV. — Timber Measurino. Including Timber Tables, Solid Measure, 
Unequal Sided Timber ; Superficial Measure. 

XVL — ^ARTincERs’ Work. 1. Bricklayers’ and Excavators’ — 2. 
Slaters’ — 3. Carpenters’ $md Joiners’ — 4. Sawyers' — 6. Stonemasons’ — 
6. Plasterers’ — 7. Ironmongers’ — 8. Pointers’ — 9. Glaziers’ — 10. Paper 
Hangers’. 

XVII. — Valuation op Estates. With Tables for the Purchasing of 
Freehold, Copyhold, or Leasehold Estates, Annuities, and Advowsoni, 
and for Renewing Leases for Terms of Years certain and for Lives. 

XVIII. — ^Valuation of Tillages and Tenant Right. With 
Tables for Measuring and Valuing Hay Ricks. 
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CONTENTS ( eontiruud ): — 

XIX. — Valuation op Paeishjes. 

XX. — Buildebs’ Prices. 1. Carpenters’ and Joiners’ — 2. Masons’ — 
3. Bricklayers’ — 4. Plasterers’ — 6. Ironmongers’ — 6. Drainers^ — 7. 
Plnmbers' — 8. Painters’ — 9. Paper Hangers’ and Decorators’ — 10, 
aiaziers’ — 11. Zinc Workers’ — 12. Coppersmiths' — 13. Wireworkers’. 

XXI. — Dilapidations and NuisaN 0 E& 1. General Definitions — 2. 
Dilapidations by Tenants for Life and Years — 8. Ditto by Mortgagee or 
Mortgagor — 4. Ditto of Party Walls and Fences — 5. Ditto of Highways 
and Bridges — 6. Nuisances. 

XXII. — The Law relatino to Appraisers and Adctioneebs. 1. 
The Law relating to Appraisements — 2. The Law of Auction. 

XXIIL — Landlord and Tenant. 1. Agreements and Leases — 2. 
Notice to Quit — 3. Distress — 4. Recovery of Possession. 

XXIV. — Tables. Of Natural Sines and Cosines — For Reducing 
Links into Feet — Decimals of a Pound Sterling. 

XXV. — Stamp Laws. — Stamp Duties — Customs’ Duties. 



EXAMPLES OF VILLAS AND COUNTRY HOUSES. 



ON LANDED PBOPEETT, By Pbofessoe Donaldson. 

L — Landlord and Tenant — their Position and Connections. 

II.— Lease of Land, Conditions, and Restrictions ; Choice of Tenant 
and Assignation of the Deed. 

IIL — Cultivation of Land, and Rotation of Crops. 

IV. — Buildings necessary on Cultivated Lands — Dwelling Houses, 
Farmeries, and Cottages for Labourers. 

V. — Laying-out Farms, Roads, Fences, and Gates. 

VL — Plantations — Young and old Timber. 

VIL — Meadows and Embankments, Beds of Rivers, Water Courses, 
and Flooded Groimds. 

VIII. — Land Draining, Open and Covered, — ^Plan, Execution, and 
Arrangement between Landlord and Tenant 

IX. — Minerals — Working and Value. 

X. — Expenses of an Estate — Regulations of Disbursements— and 
Relation of the appropriate Expenditures. 

XI. — Valuation of Landed Property ; of the Soil, of Houses, of Woods, 
of Minerals, of Manorial Rights, of Royalties, and of Fee Ihm Rents. 

XII. — Land Steward and Farm Bailiff : Qualifications and Duties. 

XIII. — Manor Bailiff Woodreve, Gardener, and Gamekeeper — their 
Position and Duties. 

XIV. — Fixed days of Audit — Half-Yearly Payments of Rents — Form 
of Notices, Receipts, and of Cash Books, General Map of Elstates, and of 
each separate Farm — Concluding Observations. 
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BRIDGEB. 

45. 

In 4 vols. royal 8vo, illustrated by 138 engravings and 92 wood-cuts, bound 
in 3 vols. haU-morocco, price £ 4. 10s. 



THE THEORY, PRACTICE, AND ARCHITECTURE 

or 

BRIDGES OF STONE, IRON, TIMBER, AND WIRE; 

WITH EXAMPLES ON THE PRINCIPLE OF SUSPENSION. 



DIVISIONS or ran work. 

fuEORT or Bridges. By James Hann, King’s College, London. 

General Principles or Construction, &c. Translated from Gauthey. 
Theory or the Arch, &c. By Professor Moseley. 

Papers on Foundations. By T. Hughes, C.E. 

Account or Hutcheson Bridge, Glasgow, with Specification. By 
the late Robert Stevenson, C.E. 

Mathematical Principles or Dredge’s Suspension Bridge. 

Essay and Treatises on the Practice and Architecture or Bridges. 

By WilUam Hosking, F.S.A., Arch‘. and C.E. 

Specification op Chester Dee Bridge. 

Practical Description or the Timber Bridges, &c., on the Utica and 
Syracuse Railroad, U. S. By B. F. Isherwood, C. E., New York. 
Description of the Plates. — General Index, &c., &c., &c. 

LIST or PLATES. 



1 . Centering of Ballater bridge ecrou the 
river Dec, Aberdeenehire. 

3. Town’s American timber bridge. 

3. Do., sections. 

4. Do. do. 

5. Lodrkirk and Norbam timber bridge 

over the Tweed, b}r J. Blaekmore. 

8. Umber bridge over the Clyde at Glas- 
gow, by Robert Stevenson. 

7. Elevation of arch of do. 

8. Transverse section of do. 

9. Section of foot-uath on do., &c. 

10. Occupation brioge over the Calder and 

Henble Narigation, by W. Bull. 

11. Newcastle, North Shields, and Tyne- 

mouth railway viaduct across Wil- 
lington Dean, plans and elevations. 
IS. Do., do. 

13. Do., sections. 

14. Ditto across Ouse Bum Dean, plan and 

elevation. 

15. Do., do. 

18. Isometrical view of the upper wooden 

bridge at Elysville over the Patapscu, 
on the Baltimore and Ohio Railroad. 

1 7. Elevation and plan of do. 

IS. Sections of do. 

19. Longitudinal section under the central 

archway of Old London bridge, show- 
ing the sunk weir recommended by 
Hr. Smeaton to hold the water up for 



the benefit of the water-works, &c., in 
178s ; sections of the same. 

30. Plan and elevation of timber bridge for 

Westminster, as designed by Wes- 

31. Ha^elevation of ditto for Westminster, 

as designed by James King. 

33. Westminster timber bridge adapted to 
the stone piers, by C. Labelye. 

33. One of the river ribs of the centre on 

which the middle arch of Westminster 
bridge was turned, extending 78 feet, 
designed and executed by JamesKing. 

34. Lon^ elevation and plan of Westminster 

brid^. 

33. Elevation of the foot bridge over the 
Wbitadder, at Abbey St. Batben’s. 

38. Weymouth bridge, elevation and plan. 
37. Very long elevation of Hutcheson bridge, 

Glasgow, by Robert Stevenson. 

33. lAingitudinal section of ditto, showing 
the i/ro^ess of the works in 1833. 

39. Cross section of do., showing the build- 

ing apparatus and centre frames. 

30. Cross section of Hutcheson bridge. 

31. Plan of southern abutment of do. 

33. Section of abutments of do. 

33. Toll-houses of do. 

34. Bridge of the Schuylkill at Uarket 

Street, Philadelphia. 

35. Details of do. 
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3g. Plan of the wood«work in the starling of 
the small piers of Chepstow bridge. 

37» Longitudinal section through one of the 
large piers. 

Details of Chepstow bridge. 

39. Plan, elevation, and sections of the 

central arch of London bridge. 

40. London and Crojdon r^way bridge 

on road from Croydon to Sydenham, 
plans, elevations, and sections. 

41. London and Croydon railway bridge on 

road from Norwood to Bromley, do. 
4!L London and Croydon railway bridge at 
Sydenham, do. 

43. Elevation of die Victoria bridge over 

the valley of the river Wear, on the 
Durham junction railway. 

44. Elevation of Chepstow bridge. 

A&j Piling and timber foundations of one 
of the large piers of Chepstow bridge. 
iSL Plan of pier, elevation of do. 

47. Enlarged .ection of one of the piers. 

48. Neweaatle and Carlisle railway bridn, 

over the river Tyne at Scotswood, oy 
John Blaehmore, plan and elevation. 
40. HD, Sections and details of do. 

51. Elevation and plan of bridge over the 

Eden at Carlisle, by Sir R. Smirke. 

52. Elevation of one of the arches, with a 

pier, and the north abutment. 

S2a. The centering used for the arches of do. 

53. Plan and elevation of the bridge erected 

over the Thames at Staines. 

54. Elevation and plana of the Wellesley 

bridge at Limerick. 

55. Elevation of pier and half- arch, with 

longitudinal section, plan and section 
of baluster, transverse section through 
the crown and spandril. 

50. Bridge of Jens, plan and elevation. 

57. Do., elevation of one of the land arches, 

with section of towing-path and re- 
taining wall, transverse section of the 
bridge at the springing of an arch, 
plan of do,, trannerM Mction of the 
bridge through the centre of one of 
the liuid arches, plan of the abutments, 
retaining walla, &e, 

58. Elevation of the Devil’s bridge over 

the Serchio, near Lucca, Italy ; plan, 
elevation, and cross section, 

59. Bridm across the river Forth at Stirling, 

by R. Stevenson, elevation. 

Co. Lonntudinal Kction of the same. 

61. Timber bridge on the Utica and Syra- 

cuse Railway, United States, spans of 
49 and 39 feet. 

62. Do., span of fiQ feet. 

62, Do., elevation, plan and cross section, 
span of as feet. 

6Sa. Do., isometrical projection. 

64. Do., plan, elevation, and cross section, 

span of S4 feet. 

64a. Timber bridge, span of S2 feet, 

65. Abutment for a bridge of 83 feet span 

over the Oneida Creek. 

66. Trestle bridn, Oneida Creek Valley, 

span of 29 ^t. 

6Zi Do., elevation of span of 199 feet. 



67a, Do,, isometrical projection of truss, 
connection of floor beams, and cross 
section. 

6a. Trestle bridm, Onondago Creek Valley, 
■pan of 29 feet. 

69. A great variety of details of joinery. 

6ga. Pile-driving machine. 

70. Isometrical projections. 

70a. Isometrical projectioas of iron plate. 
70*. Do. 

70c. Do, 

70d. Do. 

70e. Do. 

70/. Do., cutverta. 

70g. Viaduct under Erie canaL 

71. Remains of the bridge over the Adda, 

at Trezio, the Milanese, 

72. Ely iron bridge, near caAedral, 

73. Details of do, 

74. Do. 

Do. 

78^ Hoddlesey bridge, over the Aire, York- 
shire, details m the iron-work. 

22, Do. 

28, Do. 

79. Do. 

89. Do., sections of structure. 

81. Do., plan, iron balustrades, &e, 

82. Do., details. 

83. Do., elevation. 

84. London and Blackwall Railway bridge 

over the Lea, elevation and plan, 

85. Do., sections and details, 

86. Do., sections, enla^d view of railing. 

67. Isometrical projection of the suspension 

bridge at Balloch feny, constructed on 
Mr. Dredge’s principle. 

88. Perronet’ s design for the bridge over the 

Seine at Mclun, sections, &c. 

89. Brighton chain pier, portions of con- 

structive detail. 

90. Wreck of do. in Oct. 1833. 

01. Do. 

93. Longitudinal and transverse sections of 
cast-iron swing bridge. 

93. Longitudinal section and transverse do,, 

plan of turning-plate, roller frame, and 
bed-plate of cast-iron swing bridge. 

94. Elevation and plan of cast-uon swing 

bridge, Plymouth. 

05. Gerrard’s Hostel bridge, Cambridge, 

erected by the Butterley Company, (W. 
C. hlylne,) elevation and plim. 

06. Do., sections and details of do. 

07. Do., transverse section of do. 

08. Fribourg suspension bridge, general 

elevation, with a section of the valley 
of the Sarine and of the mooring 
shafts, &c. ; general plan, ends of 
main piers, with approaches enlarged, 
&c. 

09. Do., sections and detuls of do. 

100. 1 00a. Do. do. 

101- Professor Moseley’s diagrams of the 
arch. 

193. Do. 

103. Do. 

194, Robert Stevenson’s elevstion of a chain 

bridge upon the cateaaiiaa principle. 
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In 1 Tol. 4to., with 74 plates, eztn cloth boards and lettered, price Slf., 

THE CARPENTER'S NEW GUU)E : 

OB, 

THE BOOK OP LINES FOB CAEPENTEES, 

GEOMETRICALLY EXPLAINED; 

OOXPBISINa ALL THB ELBMENIABT FRIHCIPLES ESSENTIAL EOB ACQTTIBIKa A 
ENOWLEDOE OF IBB THEOBY AND PBAOTICH OF OABPENTBr. 

' A NEW EDITION, 

FOUNDED ON THAI OF THB LATE FETEB NICHOLSON’S STANDARD WOBZ ; 

REVISED BT 

ARTHUR ASHFITEL, Abcuiteot, F.S.A., F.LB.A. 

TOOETBER WITH • 

PRACTICAL RULES ON DRAWING, 

Bv GEORGE PYNB, of Oxford, Artist. 

The Work is divided in Three Divisions, with Seventy-four Illustrative Plates, as follows : 
Division A. — Practical Geometry, and of ration, &c., by Arthur Ashpitel, Arehi- 
Oarpentry, explaining the principles in tech (Pages 1 to S2.) 
all its parts, by the late Peter Nicholson. Division C. — Practical Rules on Drawing, 
(Pages 1 to 80 — Plates 1 to 60.) for tho Operative Builder and Young 

Division B. — ^Praotie^Uat^matics,UenBU- Student in Architecture. (Pages 1 to SO 

— Plates 1 to 14.) 



With 72 Engravings, new, improved, and extended edition, price 2L 12*. 6d., 
extra large 4to, extra cloth boards and lettered, 

THE PRACTICAL RAILWAY ENGINEER: 



EXABFLBS OF IBB XEOHAKICAL AND ENQINEERINa OPEBAIIONS AND SIBDOXUBBS 
COMBINED IN THE MAKING OF A RAILWAY. 

By G. D. DEMPSEY, C.E. 

CONTENTS. 

Section I. — Curves, gradients, gauge, and Section IV. — Retaining walls, bridges, tun- 
slopes. nels, &c. 

Seetion II, — Survey and levels for a railway Section V. — Permanent way and construo- 
— Parliamentaryplanand section — Limits tion. 

of deviation — Setting out the line — Work- Section VI. — Stations, 4c. 
ing plans and sections — Computing quan- Section VII. — Rolling stock — Carriages, 
tiues — Opening the ground. trucks, wheels, and axles — Brakes, and 

Section III. — Earthworks, cuttings, em- details — Locomotive engines and tenders, 

bankments, and drains. SeetionVIII.—Signalsandelectiic telegraph. 

LIST OF PLATES. 



1. Cnttings. 

3, S, 4. Earthworks, excavating. 

6 . Ditto, embanking, 

6. Ditto, waggons. 

7. Drains under bridges. 

8. Brick and stone culverts. 

9. Paved crossings. 

10. Railway bridges, diagram. 

11, 13; IS, 14. Bndges; brick and stone. 

15, 16. Ditto, iron. 

17, 18, 19, 20. 21. Ditto, timber. 

33. Craters for bridges. 

23, 24, 25, 26, 27. “Pont do Montlouls." 

28. “ Pont du Cher.” 

29. Suspension bridge. 

30. Box -girder bridge. 

81. Trestle bridra and Chepstow bridge. 

S3. Details of Chepstow bridge. 

83. Creosoting, screw-piling, Ao, 

34. Permanent way and rcdls. 

35. Ditto, chairs. 

SO. Ditto, fish-Joluts, Ac. 

37. Ditto, fish-joint chairs. 

88, 39. Ditto, east-iron sleepers, £e. 

40, Ditto, Stephenson’s, Brunel'^Hemans’s, 
HacneiU’s, and Dockjray’e. 

41. Ditto, crossings. 



42. Ditto ditto, details. 

43. Ditto, spring-crossings, &o. 

44. Ditto, turn-table. 

45. 46. Terminal statloo. 

47. 48, 49. Stations. 

50. Goods stations. 

61. Polygonal engine-house. 

52. Engine-house. 

53. Watering apparatus. — (A). Tanks. 

54. Ditto, (B.) Details of pumps. 

55 Ditto, (C.) Details of engines 

56. Ditto, (D.) Cranes. 

57. Hoisting machinery. 

58. Ditto, details. 

59. Traversing platform. 

60. Ditto, details. 

61. Station-roof at King’s Cross. 

62. Ditto, LiverpooL 

63. Ditto, Birmingham. 

64. 65. Railway carriages. 

66. Ditto, detidls. 

67, 68. Railwsvtmcks and wheels. 

69. Iron and cjovered waggons. 

70. Details of brakes, 
n. Wheels and details. 



72. Portrait. 
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JOHN WEALE’S NEW LIST OF WOEKS. 



In 1 VoL 4to, extra cloth, boards and lettered, C7 Sngrravingi, 81i., 

DESIGNS AND EXAMPLES OF COTTAGES, 
VILLAS, AND COUNTRY HOUSES ; 

BKINO THE STUDIES OF SETEBAL EMINENT ARCHITECTS AND BUILDERS 

CONBISTINO or PLAK8, ELBTATION8, AND PERSPBOTIVS T1KW8, WITH 
APPKOXIHATE ESTIMATES OF THE COST OP BACH. 

In imperial 8ro., with 13 large folding Plates, extra cloth boards, price 12s., 

A PRACTICAL AND THEORETICAL ESSAY 
ON OBLIQUE BRIDGES. 

'By GEORGE WATSON BUCK, M.Iust C.K. 

TOOETHEB WITH A 

DESCRIPTION TO DIAGRAMS FOR FACILI- 
TATING THE CONSTRUCTION OF 
OBLIQUE BRIDGES. 

Br W. H. BARLOW, C.K, ' 

Second Edition, corrected and improved. 

la 1 Tol. 4to., SO plates, with dimensions, extra cloth boards, price 21a, 

EXAMPLES FOE 

BUILDERS, CARPENTERS, AND JOINERS; 

SEIKO WXIJ.-aiLB<7ICD ILLUSISATIOKS Of KSCBSI KOSSHK ART ARD OONSIROCIIOK. 
. COKTEKTS or PLATES. 

1. Oeometrical Stairoass. 

3 * »» »» 



5 . „ 

4. Construction of the Wooden Columns 
in Kiu^t CoUego. 

7. Details of do. 

8. Flan and Elevation of the Athemeum 

Club House. 

9. Do. do. Arthur's Club, St. James’ 

Street. 

10. Do. do. details. 

11. Do. do. ,, ' 

12. Design for Verandah. 

15. Details of do. 

14. Design for Verandah. 

19. Detslls of do. 

16. Design for Verandah. 

17. Details of do. 

18. Elevation of a Group of New Houses. 

19. Joineiw of Doors. 

20. Base, Burbase, and Dado. 

81. Plan and Elevation ol Doors. 

12. Sections do. do. 

28. Section of the framing or frontispiece 
of an entablature of a Shop front. 

84. Boof at Charter House. 

88. „ Clerkenwell Church. 



d by Google 



Elizabetbsn termin.ationa of a Shop 
front entablature. 

Joinery at Windsor Castle. 



Gate at the town entrance to the 
Royal Hews, Windsor. 

Joinery at the Duke of Sutherland's, at 
Lillcsball. 

Muliions of Windows, do. 

Plan and Elevation of a Public-house. 

, Exeter Hall roof. 

Country mansion. 

Italian Designs. 



Longitudinal Section, do. 

Windows, Duore, Ac. do. 

Windows, Ac. do. 

Grand Staircase, do. 

An Elegant Italian facade. 

Penton Meusoy Church, Bell Turret. 
Plan and South Elevation of do. 

West Elevation of do. 

Elevations, with horizontal and vertical 
sections of the Bell Turret, do. 
Tranavsnie section of do. 
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